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(54) HUMIDITY CONTROL APPARATUS 



(57) Disclosed is a humidity control device which is 
provided with an adsorptive element (81, 82) having a 
humidity control passageway (85) capable of adsorption 
of moisture from a first air stream and of release of mois- 
ture to a second air stream, and which provides an air 
stream, the humidity of which is conditioned in the ad- 
sorptive element (81 , 82), to an indoor space. In the hu- 
midity control device, the adsorptive element (81 , 82) is 
provided with an auxiliary passageway (86) through 
which a heating fluid flows when the adsorptive element 
(81 , 82) is regenerated by releasing moisture to a second 
air stream from the humidity control passageway (85). 
As a result, during regeneration of the adsorptive element 
(81, 82) by releasing moisture to a second air stream, 
the amount of release moisture is increased, thereby en- 
hancing the device performance. 
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Description 
TECHNICAL FIELD 

[0001] This invention relates in general to a humidity 
control device for conditioning the humidity of air by 
means of adsorptive elements, and it is related in partic- 
ular to a humidity control device which employs an ad- 
sorptive element capable of adsorbing moisture from a 
first air stream and of releasing moisture to a second air 
stream. 

BACKGROUND ART 

[0002] Humidity control devices for conditioning the 
humidity of air by means of adsorbent-containing adsorp- 
tive elements are known in the conventional technology 
(see for example JP, 1 998-9633, A). This patent gazette 
discloses a humidity control device which is provided with 
two adsorptive elements and which performs a batch op- 
eration as described below. The humidity control device 
further includes a refrigerant circuit which conducts a re- 
frigeration cycle. 

[0003] Each adsorptive element adsorbs moisture in 
afirstairstream so thatthefirstairstream is dehumidified, 
and is regenerated by releasing moisture to a second air 
stream. And, the humidity control device is configured to 
carry out a batch running operation, in other words the 
operation of the humidity control device is alternately 
switched between a first operation and a second opera- 
tion. In the first operation, afirstairstream is dehumidified 
in the first adsorptive element while on the other hand 
the second adsorptive element is regenerated by a sec- 
ond air stream. In the second operation, the first adsorp- 
tive element is regenerated by a second air stream while 
on the other hand a first air stream is dehumidified in the 
second adsorptive element. As a result of such arrange- 
ment, the humidity control device continuously supplies 
either a stream of dehumidified air (i.e., afirst air stream) 
or a stream of humidified air (a second air stream) into 
an indoor space. 

[0004] For example, during the dehumidification oper- 
ating mode, a first air stream is dehumidified in one ad- 
sorptive element. Thereafter, the first air stream is cooled 
in an evaporator of the refrigerant circuit. The first air 
stream is then supplied into the room. At this time, a sec- 
ond air stream is heated in a condenser of the refrigerant 
circuit. The second air stream is then supplied to the other 
adsorptive element. This causes the adsorptive element 
in receipt of the high-temperature second air stream to 
desorb moisture therefrom and, as a result, the adsorp- 
tive element is regenerated. 

[0005] If a first air stream is dehumidified and is then 
supplied into the room, this provides dehumidification. At 
this time, a second air stream is humidified, so that if, 
instead of supplying a first air stream into the room, such 
a second air stream is supplied into the room, this pro- 
vides humidification. 



PROBLEMS THAT THE INVENTION INTENDS TO 
SOLVE 

[0006] However, during the adsorptive-element regen- 
5 eration, with the desorption of high-temperature moisture 
the adsorptive element dissipates heat and becomes 
cooled, in other words, when trying to increase the 
amount of release moisture (the amount of regeneration) 
during the regeneration of an adsorptive element, where- 
io as the adsorptive element has to be heated to high tem- 
perature, it is adversely cooled, and the amount of re- 
generation becomes insufficient. This causes the amount 
of adsorption to decrease the next time the adsorptive 
element adsorbs moisture in afirst air stream. This caus- 
es es the device performance to deteriorate. 

[0007] With these problems in mind, the present inven- 
tion was made. Accordingly, an object of the present in- 
vention is to provide an improved humidity control device 
having adsorptive elements whereby the device perform- 
20 ance is enhanced by increasing the amount of release 
moisture during the adsorptive-element regeneration. 

DISCLOSURE OF THE INVENTION 

25 [0008] Inthepresentinvention,itisarrangedsuchthat, 
when releasing moisture to a second air stream from an 
adsorptive element (81 , 82), the adsorptive element (81 , 
82) is heated by a heating fluid. 
[0009] More specifically, a first invention is directed to 

30 a humidity control device which comprises an adsorptive 
element (81 , 82) having a humidity control passageway 
(85) capable of adsorbing moisture from a first air stream 
and of releasing moisture to a second air stream, and 
which supplies to an indoor space an air stream after the 

35 air stream being controlled in its humidity by the adsorp- 
tive element (81 , 82). And, the humidity control device 
of the first invention is characterized in thatthe adsorptive 
element (81, 82) is provided with an auxiliary passage- 
way (86) through which a heating fluid flows when the 

40 adsorptive element (81 , 82) is regenerated by releasing 
moisture from the humidity control passageway (85). 
[0010] In the first invention, when the adsorptive ele- 
ment (81, 82) is regenerated by releasing moisture, ad- 
sorbed from a first air stream, to a second air stream in 

45 the humidity control passageway (85), a heating fluid is 
passed through the auxiliary passageway (86). The ad- 
sorptive element (81, 82) is heated by the flow of the 
heating fluid. Accordingly, it becomes possible to main- 
tain the adsorptive element (81 , 82) at high temperature 

so even when, with the releasing of moisture therefrom, the 
adsorptive element (81 , 82) dissipates heat. This makes 
it possible to increase the amount of release moisture 
(the amount of regeneration) more than is conventionally 
achieved. Consequently, it is possible to increase also 

55 the amount of adsorption the next time the adsorptive 
element (81, 82) adsorbs moisture in a first air stream. 
[001 1 ] A second invention provides a humidity control 
device according to the humidity control device of the 
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first invention. The humidity control device of the second 
invention is characterized in that, during regeneration of 
the adsorptive element (81 , 82), all of a second air stream 
priorto its passage through the humidity control passage- 
way (85) flows, as a heating fluid, into the auxiliary pas- 
sageway (86). 

[0012] In the second invention, during regeneration of 
the adsorptive element (81 , 82), all of asecond air stream 
priorto its passage through the humidity control passage- 
way (85) flows, as a heating fluid, into the auxiliary pas- 
sageway (86). 

The second air stream is a high-temperature air stream 
which is used for regeneration of the adsorptive element 
(81, 82). And, the second air stream flows through the 
auxiliary passageway (86) and heats the adsorptive el- 
ement (81 , 82). Thereafter, the second air stream flows 
through the humidity control passageway (85), thereby 
preventing the adsorptive element (81, 82) from under- 
going a temperature fall during regeneration. Hereby, it 
becomes possible to assure that a sufficient level of the 
amount of regeneration is maintained, thereby prevent- 
ing the amount of adsorption from decreasing. 
[001 3] A third invention provides a humidity control de- 
vice according to the humidity control device of the first 
invention. The humidity control device of the third inven- 
tion is characterized In that, during regeneration of the 
adsorptive element (81 , 82), a part of a second air stream 
priorto its passage through the humidity control passage- 
way (85) flows, as a heating fluid, into the auxiliary pas- 
sageway (86), joins the rest of the second air stream, 
and passes through the humidity control passageway 
(85). 

[0014] In the third invention, during regeneration of the 
adsorptive element (81 , 82), a part of a second air stream 
priorto its passage through the humidity control passage- 
way (85) enters, as a heating fluid, the auxiliary passage- 
way (86). The second air stream is a high -temperature 
air stream which is used for regeneration of the adsorp- 
tive element (81 , 82). The part of the second air stream 
flows through the auxiliary passageway (86) while heat- 
ing the adsorptive element (81 , 82). Thereafter, the part 
of the second air stream joins the rest of the second air 
stream. Then, the merged second air stream flows 
through the humidity control passageway (85), thereby 
preventing the adsorptive element (81 , 82) from under- 
going a temperature fall during regeneration. Hereby, it 
becomes possible to assure that a sufficient level of the 
amount of regeneration is maintained and, in addition, 
the amount of adsorption is prevented from decreasing. 
[0015] A fourth invention provides a humidity control 
device according to the humidity control device of the 
second invention or according to the humidity control de- 
vice of the third invention. The humidity control device of 
the fourth invention is characterized in that it Includes a 
regeneration heater (72) which heats a second airstream 
priorto its entrance into the humidity control passageway 
(85) and the auxiliary passageway (86). 
[0016] In the fourth invention, during regeneration of 



the adsorptive element (81 , 82), a second air stream prior 
to the second air stream flowing into the humidity control 
passageway (85) and the auxiliary passageway (86) is 
heated by the regeneration heater (72). This accordingly 

5 makes it possible to sufficiently heat the adsorptive ele- 
ment (81 , 82) in the auxiliary passageway (86) and in the 
humidity control passageway (85), thereby ensuring that 
the adsorptive element (81 , 82) is prevented from under- 
going a temperature fall. Hereby, it is possible to assure 

10 that a sufficient level of the amount of regeneration is 
maintained and, in addition, the amount of adsorption is 
prevented from decreasing. 

[0017] A fifth invention provides a humidity control de- 
vice according to the humidity control device of the fourth 
is invention. The humidity control device of the fifth inven- 
tion is characterized that it includes a refrigerant circuit 
(70) through which a refrigerant is circulated to perform 
a refrigeration cycle, and that the regeneration heater 
(72) is formed by a heating-heat exchanger of the refrig- 
20 erant circuit (70). 

[0018] In the fifth invention, the refrigerant dissipates 
heat in the regeneration heater (72) which is a heating- 
heat exchanger of the refrigerant circuit (70), as a result 
of which a second air stream and a heating fluid are heat- 
hs ed. And, the adsorptive element (81 , 82) is heated by the 
heating fluid while being regenerated by the second air 
stream, and it becomes possible to assure that a suffi- 
cient level of the amount of regeneration is maintained 
and, in addition, the amount of adsorption is prevented 
30 from decreasing. 

[0019] A sixth invention provides a humidity control de- 
vice according to the humidity control device of the sec- 
ond invention or according to the humidity control device 
of the third invention. The humidity control device of the 
35 sixth invention is characterized in that it includes a re- 
generation heater (72) which heats a second air stream 
priorto its entrance into the humidity control passageway 
(85) and the auxiliary passageway (86), and an auxiliary 
heater (78, 79) which heats a second air stream after its 
40 passage through the auxiliary passageway (86) before 
the second air stream flows into the humidity control pas- 
sageway (85). 

[0020] In the sixth invention, during regeneration of the 
adsorptive element (81 , 82), a second air stream priorto 

45 the second air stream flowing into the humidity control 
passageway (85) and the auxiliary passageway (86) is 
heated by the regeneration heater (72). In addition, a 
second air stream after its passage through the auxiliary 
passageway (86) is heated again in the auxiliary heater 

so (78, 79) before the second air stream flows into the hu- 
midity control passageway (85). This accordingly makes 
it possible to sufficiently heat the adsorptive element (81 , 
82) in the auxiliary passageway (86) and in the humidity 
control passageway (85), thereby ensuring that the ad- 

55 aorptivc clement (81 , 82) is prevented from undergoing 
a temperature fall. This makes it possible to assure that 
a sufficient level of the amount of regeneration is main- 
tained and, in addition, the amount of adsorption is pre- 
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vented from decreasing. 

[0021 J A seventh Invention provides a humidity control 
device according to the humidity control device of the 
sixth invention. The humidity control device of the sev- 
enth invention is characterized in that it includes a refrig- 
erant circuit (70) through which a refrigerant is circulated 
to perform a refrigeration cycle, and that the regeneration 
heater (72) and the auxiliary heater (78, 79) are formed 
by heating-heat exchangers of the refrigerant circuit (70). 
[0022] In the seventh invention, the refrigerant dissi- 
pates heat in the regeneration heater (72) which is a heat- 
ing-heat exchanger of the refrigerant circuit (70) and in 
the auxiliary heater (78, 79) which is a heating-heat ex- 
changer of the refrigerant circuit (70), as a result of which 
a second air stream and a heating fluid are heated. And, 
the adsorptive element (81 , 82) is heated by the heating 
fluid while being regenerated by the second air stream, 
and it becomes possible to assure that a sufficient level 
of the amount of regeneration is maintained and, in ad- 
dition, the amount of adsorption is prevented from de- 
creasing. 

[0023] An eighth invention provides a humidity control 
device according to the humidity control device of the 
second invention or according to the humidity control de- 
vice of the third invention. The humidity control device of 
the eighth invention is characterized in that it includes a 
first adsorptive element (81) and a second adsorptive 
element (82), and is configured so as to perform a batch 
running operation which alternately switches between (a) 
a first operation in which moisture in a first air stream is 
adsorbed in the first adsorptive element (81) while mois- 
ture is released to a second air stream in the second 
adsorptive element (82) and (b) a second operation in 
which moisture in a first air stream is adsorbed in the 
second adsorptive element (82) while moisture is re- 
leased to a second air stream in the first adsorptive ele- 
ment (81), and that the humidity control device is config- 
ured so as to be capable of performing (i) a cooling/ad- 
sorption operating mode in which a cooling fluid flows 
through the auxiliary passageway (86) of the first adsorp- 
tive element (81) or the second adsorptive element (82) 
whichever adsorbs moisture in a first air stream and (ii) 
a heating/regeneration operating mode in which a heat- 
ing fluid flows through the auxiliary passageway (86) of 
the first adsorptive element (81 ) or the second adsorptive 
element (82) whichever releases moisture to a second 
air stream. 

[0024] In the eighth invention, it becomes possible to 
perform either a dehumidification operation by supplying 
a first air stream into the room or a humidification oper- 
ation by supplying asecond airstream into the room while 
alternately switching the operation of the humidity control 
device between a first operation in which moisture in a 
first airstream is adsorbed in the first adsorptive element 
(81) while moisture is released to a second air stream in 
the second adsorptive element (82), and a second oper- 
ation in which moisture in a first air stream is adsorbed 
in the second adsorptive element (82) while moisture is 



released to a second air stream in the first adsorptive 
element (81). 

[0025] Here, with reference to a psych rometric chart 
of Figure 28, the process of heating the adsorptive ele- 

5 ment (81, 82) under regeneration is specifically de- 
scribed by taking, as an example, a dehumidification 
mode of operation in the summertime. The psychrometric 
chart of Figure 28 just conceptually represents the 
change in the state of air, in other words the psychromet- 

10 ric chart does not accurately represent actual amounts 
of dehumidification, actual amounts of humidification, or 
variations in temperature. 

[0026] In the first place, a first air stream (outside air) 
at Point "A" as a target for dehumidification decreases in 

is absolute humidity and increases in temperature when it 
passes through one of the adsorptive elements (81 , 82). 
As a result, the first air stream changes position to Point 
"B B . And, the air at Point "B" is cooled if needed (not 
shown) and is then supplied into the room. On the other 

20 hand, a second air stream (room air) at Point "C" for re- 
generation of the other of the adsorptive elements (81 , 
82) absorbs heat of adsorption of the one of the adsorp- 
tive elements (81 , 82) and, as a result, is heated up to 
Point "D". The second air stream is further heated up to 

25 Point "E" by the regeneration heater (72). When passing 
through the other of the adsorptive elements (81, 82), 
the second air stream regenerates the other of the ad- 
sorptive elements (81 , 82), during which time the second 
airstream increases in absolute humidity and decreases 

30 in temperature. As a result, the second airstream chang- 
es position to Point "P. The second air stream is then 
discharged to outside the room. 
[0027] Here, during the dehumidification operating 
mode, the regenerative-side adsorptive element (81 , 82) 

35 does not change state to such a state that the relative 
humidity of room air goes beyond the relative humidity 
line (equal relative humidity line), 01, of the outside air. 
That is to say, the room air is only able to cause Point 
"F H to change position to, at a maximum, the relative hu- 

40 midity line where Point "A" of the outside air passes, 
and Point "F1 " on the relative humidity line <X> of the out- 
side air serves as a limiting point of regeneration. There- 
fore, the amount of regeneration in that case is AX. On 
the other hand, since the temperature at Point "F" rises 

45 on the relative humidity line <M if regeneration is carried 
out simultaneously with heating, AX increases up to AX\ 
That is, the amount of regeneration increases. 
[0028] As described above, if a heating fluid is passed 
through the auxiliary passageway (86) of the adsorptive 

so element (81, 82) under regeneration, this prevents the 
regenerative-side adsorptive element (81 , 82) from un- 
dergoing a temperature fall, thereby ensuring that a suf- 
ficient level of the amount of regeneration is maintained. 
[0029] On the other hand, the process of cooling the 

55 adsorptive element (81, 82) under adsorption is de- 
scribed with reference to a psychrometric chart of Figure 
29, by taking, as an example, a humidification operating 
mode in the wintertime. In this case, a first airstream (for 
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example, room air) at Point "A" changes position to Point 
"B" when passing through oneof the adsorptlve elements 
(81 , 82) and is then discharged to outside the room. A 
second air stream (outside air) at Point "C" as a target 
for humidification is heated up to Point "E" by the one of 
the adsorptive elements (81 , 82) and by the regeneration 
heater (72). When passing through the other of the ad- 
sorptive elements (81 , 82), the second air stream regen- 
erates the other of the adsorptive elements (81 , 82), dur- 
ing which the second air stream is humidified, and chang- 
es position to Point "F\ The second air stream is then 
supplied into the room. 

[0030] Here, if the state point is at Point "F M in a prin- 
ciple adsorption/desorption process, then the state point 
is at Point M F1" in an actual adsorption/desorption proc- 
ess, and the amount of humidification decreases. On the 
other hand, if the amount of adsorption is increased by 
performing a cooling/adsorption operating mode, the air 
state in that case is at Point "F2", and the amount of 
humidification increases. In addition, the air state is at 
Point n F3 w if a heating/regeneration operating mode is 
performed, and the air state is at Point "F4" if a heating/ 
regeneration operating mode is carried out simultane- 
ously with an adsorption/cooling operating mode. In both 
cases, the amount of humidification increases. 
[0031] To sum up, if a cooling fluid is passed through 
the auxiliary passageway (86) of the adsorptive element 
(81 , 82) under adsorption, this makes it possible for the 
cooling fluid to absorb heat of adsorption generated as 
a result of moisture adsorption. In the case where no 
cooling fluid is made to flow, the heat of adsorption caus- 
es the temperature of the adsorptive element (81 , 82) to 
rise and, as a result, the adsorptive capability deterio- 
rates. On the other hand, if a cooling fluid is made to flow, 
this prevents the adsorptive capability from deteriorating, 
thereby increasing the amount of humidification. 
[0032] A ninth invention provides a humidity control 
device according to the humidity control device of the 
eighth invention. The humidity control device of the ninth 
invention is characterized in that it is configured so as to 
simultaneously perform (i) a cooling/adsorption operat- 
ing mode in which a cooling fluid flows through the aux- 
iliary passageway (86) of the first adsorptive element(81) 
or the second adsorptive element (82) whichever ad- 
sorbs moisture in a first air stream and (ii) a heating/ 
regeneration operating mode in which a heating fluid 
flows through the auxiliary passageway (86) of the first 
adsorptive element (81) or the second adsorptive ele- 
ment (82) whichever releases moisture to a second air 
stream, 

[0033] In the ninth invention, when performing a batch 
running operation in the humidity control device provided 
with the first adsorptive element (81) and the second ad- 
sorptive element (82), a cooling/adsorption operating 
mode is conducted in one of the adsorptive elements (81 , 
82) while simultaneously a heating/regeneration operat- 
ing mode is conducted in the other of the adsorptive el- 
ements (81, 82). This makes it possible to improve both 



the adsorptive capability and the regenerative capability, 
thereby accomplishing improvement in total device per- 
formance. 

[0034] A tenth invention provides a humidity control 
5 device according to the humidity control device of the 
eighth invention. The humidity control device of the tenth 
invention is characterized in that it is configured so as to 
be capable of selectively switching between (i) a cooling/ 
adsorption operating mode in which a cooling fluid flows 
io through the auxiliary passageway (86) of the first adsorp- 
tive element (81) or the second adsorptive element (82) 
whichever adsorbs moisture in a first air stream and (ii) 
a heating/regeneration operating mode in which a heat- 
ing fluid flows through the auxiliary passageway (86) of 
is the first adsorptive element (81 ) or the second adsorptive 
element (82) whichever releases moisture to a second 
air stream. 

[0035] In the tenth invention, when performing a batch 
running operation in the humidity control device provided 

20 with the first adsorptive element (81 ) and the second ad- 
sorptive element (82), the humidity control device selec- 
tively switches between a cooling/adsorption operating 
mode in one of the adsorptive elements (81, 82) and a 
heating/regeneration operating mode in the other of the 

25 adsorptive elements (81 , 82). Hereby, either the adsorp- 
tive capability orthe regenerative capability is enhanced, 
thereby accomplishing improvement in device perform- 
ance. 

[0036] An eleventh invention provides a humidity con- 
so trol device according to the humidity control device of the 
eighth invention. The humidity control device of the elev- 
enth invention is characterized in that it includes a regen- 
eration heater (72) which heats a second air stream prior 
to its entrance into the humidity control passageway (85) 
35 and the auxiliary passageway (86) of one of the adsorp- 
tive elements (81 , 82), and a cooler (79, 78) which cools 
a cooling fluid priorto its entrance into the humidity control 
passageway (85) of the other of the adsorptive elements 
(81,82). 

to [0037] In the eleventh invention, a second air stream 
prior to the second air stream flowing into the humidity 
control passageway (85) and the auxiliary passageway 
(86) of a regenerative-side one of the adsorptive ele- 
ments (81 , 82) is heated by the regeneration heater (72). 

45 This makes it possible to sufficiently heat the regenera- 
tive-side adsorptive element in the auxiliary passageway 
(86) and in the humidity control passageway (85), there- 
by ensuring that the regenerative-side adsorptive ele- 
ment is prevented from undergoing a temperature fail 

so during regeneration. This accordingly assures that a suf- 
ficient level of the amount of regeneration is maintained 
and, in addition, the amount of adsorption is prevented 
from decreasing. On the other hand, a cooling fluid prior 
to the cooling fluid flowing into the humidity control pas- 

55 sageway (85) of an adsorptlve-side one of the adsorptive 
elements (81, 82) is cooled by the cooler. This ensures 
that the rise in temperature of the adsoiptive-side ad- 
sorptive element due to adsorption is also avoided. 
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[0038] A twelfth invention provides a humidity control 
device according to the humidity control device of the 
eleventh invention. The humidity control device of the 
twelfth invention is characterized in that it includes a re- 
frigerant circuit (70) through which a refrigerant is circu- 
lated to perform a refrigeration cycle, and that the regen- 
eration heater (72) is formed by a heating-heat exchang- 
er of the refrigerant circuit (70) and the cooler (79, 78) is 
formed by a cooling-heat exchanger of the refrigerant 
circuit (70). 

[0039] In the twelfth invention, the refrigerant dissi- 
pates heat in the regeneration heater (72) which is a heat- 
ing-heat exchanger of the refrigerant circuit (70), as a 
result of which a heating fluid and a second air stream 
are heated. And, a regenerative-side one of the adsorp- 
tive elements (81 , 82) is heated by the heating fluid while 
simultaneously being regenerated by the second air 
stream, thereby not only assuring that a sufficient level 
of the amount of regeneration is maintained but also pre- 
venting the amount of adsorption from decreasing. In ad- 
dition, refrigerant absorbs heat in the cooler (79, 78) 
which is a cooling-heat exchanger of the refrigerant cir- 
cuit (70) and, as a result, a cooling fluid is cooled. And, 
an adsorptive-side one of the adsorptive elements (81, 
82) is cooled by the cooling fluid, and dehumidifies a first 
air stream, thereby making it possible to assure that a 
sufficient level of the amount of adsorption is maintained. 
[0040] A thirteenth invention provides a humidity con- 
trol device according to the humidity control device of the 
eighth invention. The humidity control device of the thir- 
teenth invention is characterized in that it includes: a re- 
generation heater (72) which heats a second air stream 
prior to its entrance flowing into the humidity control pas- 
sageway (85) and the auxiliary passageway (86) of one 
of the adsorptive elements (81 , 82); an auxiliary heater 
(78, 79) which heats asecond air stream after its passage 
through the auxiliary passageway (86) before the second 
air stream flows into the humidity control passageway 
(85); and a cooler (79, 78) which cools a cooling fluid 
prior to its entrance into the humidity control passageway 

(85) of the other of the adsorptive elements (81 , 82). 
[0041] In the thirteenth invention, a second air stream 
prior to the second air stream flowing into the humidity 
control passageway (85) and the auxiliary passageway 

(86) of a regenerative-side one of the adsorptive ele- 
ments (81 , 82) is heated by the regeneration heater (72), 
and the second air stream after its passage through the 
auxiliary passageway (86) is heated again by the auxil- 
iary heater (78, 79) before the second air stream flows 
into the humidity control passageway (85). This makes 
it possible to sufficiently heat the regenerative-side ad- 
sorptive element (81, 82) in the auxiliary passageway 
(86) and in the humidity control passageway (85), there- 
by ensuring that the regenerative-side adsorptive ele- 
ment (81 , 82) is prevented from undergoing a tempera- 
ture fall during regeneration. This accordingly assures 
that a sufficient level of the amount of regeneration is 
maintained and, in addition, the amount of adsorption is 



prevented from decreasing. In addition, a cooling fluid 
prior to the cooling fluid flowing into the humidity control 
passageway (85) of an adsorptive-side one of the ad- 
sorptive elements (81, 82) is cooled by the cooler. This 
5 ensures that the rise in temperature of the adsorptive- 
side adsorptive element due to adsorption is also avoid- 
ed. 

[0042] A fourteenth invention provides a humidity con- 
trol device according to the humidity control device of the 

10 thirteenth Invention. The humidity control device of the 
fourteenth invention is characterized in that it includes a 
refrigerant circuit (70) through which a refrigerant is cir- 
culated to perform a refrigeration cycle, and that the re- 
generation heater (72) and the auxiliary heater (78, 79) 

15 are formed by heating-heat exchangers of the refrigerant 
circuit (70) and the cooler (79, 78) is formed by a cooling- 
heat exchanger of the refrigerant circuit (70). 
[0043] In the fourteenth invention, the refrigerant dis- 
sipates heat in the regeneration heater (72) and the aux- 

20 iliary heater (78, 79) which are the heating-heat exchang- 
ers of the refrigerant circuit (70), as a result of which a 
heating fluid and a second air stream are heated. And, 
a regenerative-side one of the adsorptive elements (81 , 
82) is heated by the heating fluid while simultaneously 

25 being regenerated by the second air stream, thereby not 
only assuring that a sufficient level of the amount of re- 
generation is maintained but also preventing the amount 
of adsorption from decreasing. In addition, refrigerant ab- 
sorbs heat in the cooler (79, 78) which is a cooling-heat 

30 exchanger of the refrigerant circuit (70) and, as a result, 
a cooling fluid is cooled. And, an adsorptive-side one of 
the adsorptive elements (81 , 82) is cooled by the cooling 
fluid, and dehumidifies a first air stream, thereby assuring 
that a sufficient level of the amount of adsorption is main- 

35 tained. 

[0044] A fifteenth invention provides a humidity control 
device according to the humidity control device of the 
twelfth invention. The humidity control device of the fif- 
teenth invention is characterized in that the direction of 
refrigerant circulation in the refrigerant circuit (70) is re- 
versible, and that the direction of circulation of the refrig- 
erant circuit (70) is changed in response to switching be- 
tween adsorptive and regenerative sides in the batch run- 
ning operation. 

[0045] A sixteenth invention provides a humidity con- 
trol device according to the humidity control device of the 
fourteenth invention. The humidity control device of the 
sixteenth invention is characterized in that the direction 
of refrigerant circulation in the refrigerant circuit (70) is 
reversible, and that the direction of circulation of the re- 
frigerant circuit (70) is changed in response to switching 
between adsorptive and regenerative sides in the batch 
running operation. 

[0046] In the fifteenth and sixteenth inventions, when 
performing a batch switching operation in the humidity 
control device, the direction of refrigerant circulation in 
the refrigerant circuit (70) is changed in conformity to the 
flow of a heating fluid through the auxiliary passageway 
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(86) of a regenerative-side one of the adsorptive ele- 
ments (81 , 82) and the flow of a cooling fluid through the 
auxiliary passageway (86) of an adsorptive-side one of 
the adsorptive elements (81, 82). Also, in this case, it 
becomes possible to accomplish improvement in device 
performance by performing a heating/regeneration op- 
erating mode and a cooling/adsorption operating mode. 

EFFECTS 

[0047] In accordance with the first invention, it is ar- 
ranged such that the adsorptive element (81 , 82) is pro- 
vided with the auxiliary passageway (86) through which 
a heating flu id flows during regeneration of the adsorptive 
element (81, 82). As a result of such arrangement, the 
adsorptive element (81 , 82) is heated by the heating fluid 
flowing through the auxiliary passageway (86) during re- 
generation of the adsorptive element (81 , 82). Hereby, 
the adsorptive element (81 , 82) is maintained at high tem- 
perature, thereby making it possible to increase the 
amount of release moisture (i.e., the amount of regener- 
ation) more than is conventionally achieved. Conse- 
quently, the amount of adsorption can likewise be in- 
creased the next time the adsorptive element (81, 82) 
adsorbs moisture in a first air stream, thereby accom- 
plishing improvement in device performance. 
[0048] In accordance with the second invention, during 
regeneration of the adsorptive element (81, 82), all of a 
second air stream of high temperature which is used to 
regenerate the adsorptive element (81, 82) flows, as a 
heating fluid, through the auxiliary passageway (86) and 
heats the adsorptive element (81 , 82). Thereafter, the 
second air stream flows through the humidity control pas- 
sageway (85). Consequently, the adsorptive element 
(81 , 82) is prevented from undergoing a temperature fall. 
This therefore assures that asufficient level of the amount 
of regeneration is maintained, and the amount of adsorp- 
tion is prevented from decreasing. 
[0049] In accordance with the third invention, during 
regeneration of the adsorptive element (81 , 82), a part 
of a second air stream of high temperature prior to its 
passage through the humidity control passageway (85) 
flows, as a heating fluid, into and through the auxiliary 
passageway (86) while heating the adsorptive element 
(81 , 82). Thereafter, the part of the second air stream 
joins the rest of the second air stream and flows through 
the humidity control passageway (85), whereby the ad- 
sorptive element (81, 82) is regenerated without under- 
going a temperature fall. This assures that a sufficient 
level of the amount of regeneration is maintained, and 
the amount of adsorption is prevented from decreasing. 
[0050] In accordance with the fourth invention, during 
regeneration of the adsorptive element (81 , 82), a second 
air stream prior to the second air stream flowing into the 
humidity control passageway (85) is heated by the re- 
generation heater (72), thereby making it possible to suf- 
ficiently heat the adsorptive element (81, 82). Conse- 
quently, the adsorptive element (81, 82) is prevented, 



without fail, from undergoing a temperature fall. This as- 
sures that a sufficient level of the amount of regeneration 
is maintained, and the amount of adsorption is prevented 
from decreasing. 

5 [0051] In accordance with the fifth invention, a second 
air stream and a heating fluid are heated by the regen- 
eration heater (72) which is a heating-heat exchanger of 
the refrigerant circuit (70), thereby to regenerate the ad- 
sorptive element (81 , 82). This assures that a sufficient 

io level of the amount of regeneration is maintained, and 
the amount of adsorption is prevented from decreasing. 
[0052] In accordance with the sixth invention, during 
regeneration of the adsorptive element (81 , 82), a second 
air stream prior to the second air stream flowing into the 

15 humidity control passageway (85) is heated by the re- 
generation heater (72). In addition, the second air stream 
after its passage through the auxiliary passageway (86) 
is heated by the auxiliary heater (78, 79) before the sec- 
ond air stream flows into the humidity control passage- 

20 way (85). This makes it possible to sufficiently heat the 
adsorptive element (81 , 82), thereby ensuring that the 
adsorptive element (81 , 82) is prevented from undergo- 
ing a temperature fall. This assures that a sufficient level 
of the amount of regeneration is maintained and, in ad- 

25 dition, the amount of adsorption is prevented from de- 
creasing. 

[0053] In accordance with the seventh invention, it is 
arranged such that a second air stream and a heating 
fluid are heated by the regeneration heater (72) and the 

30 auxiliary heater (78, 79) which are heating-heat exchang- 
ers of the refrigerant circuit (70), thereby to regenerate 
the adsorptive element (81, 82). Such arrangement as- 
sures that a sufficient level of the amount of regeneration 
is maintained and, in addition, the amount of adsorption 

35 is prevented from decreasing. 

[0054] In accordance with the eighth invention, when 
performing a batch running operation which alternately 
switches between a first operation in which moisture in 
a first air stream is adsorbed in the first adsorptive ele- 

40 ment (81) while moisture is released to a second air 
stream in the second adsorptive element (82) and a sec- 
ond operation in which moisture in a first air stream is 
adsorbed in the second adsorptive element (82) while 
moisture is released to a second air stream in the first 

45 adsorptive element (81), it is possible to perform (i) a 
heating/regeneration operating mode in which a heating 
fluid is made to flow through the auxiliary passageway 
(86) of the first adsorptive element (81) or the second 
adsorptive element (82) whichever releases moisture to 

so the second air stream and (ii) a cooling/adsorption oper- 
ating mode in which a cooling fluid is made to flow th rough 
the auxiliary passageway (86) of the first adsorptive el- 
ement (81) orthe second adsorptive element (82) which- 
everadsorbs moisture in the first air stream. This assures 

55 that a sufficient level of the amount of regeneration is 
maintained, thereby enhancing the regenerative capa- 
bility, and that a sufficient level of the amount of adsorp- 
tion is maintained, thereby enhancing the adsorptive ca- 
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pabilrty. 

[0055] In accordance with the ninth invention, when 
performing a batch running operation in the humidity con- 
trol device provided with the first adsorptive element (81 ) 
and the second adsorptive element (82), a cooling/ad- s 
sorption operating mode in one of the adsorptive ele- 
ments (81, 82) and a heating/regeneration operating 
mode in the other of the adsorptive elements (81 , 82) are 
conducted at the same time. This makes it possible to 
enhance both the adsorptive capability and the regener- io 
ative capability, thereby accomplishing improvement in 
total device performance. 

[0056] In accordance with the tenth invention, when 
performing a batch running operation in the humidity con- 
trol device provided with the first adsorptive element (81 ) is 
and the second adsorptive element (82), the operation 
of the humidity control device selectively switches be- 
tween a cooling/adsorption operating mode in one of the 
adsorptive elements (81 , 82) and a heating/regeneration 
operating mode in the other of the adsorptive elements 20 
(81 , 82). This makes it possible to enhance either the 
adsorptive capability or the regenerative capability. 
[0057] In accordance with the eleventh invention, it is 
arranged such that the regeneration heater (72) for heat- 
ing a second air stream prior to the second air stream 25 
flowing into the humidity control passageway (85) of one 
of the adsorptive elements (81 , 82), and the cooler (79, 
78) for cooling a cooling fluid prior to the cooling fluid 
flowing into the humidity control passageway (85) of the 
other of the adsorptive elements (81, 82) are provided. 30 
As a result of such arrangement, the regenerative-side 
adsorptive element (81 , 82) can be heated by the regen- 
eration heater (72) while on the other hand the adsorp- 
tive-side adsorptive element (81, 82) can be cooled by 
the cooler. This ensures that the regenerative-side ad- 35 
sorptive element (81, 82) is prevented from undergoing 
a temperature fall during regeneration, thereby assuring 
that a sufficient level of the regenerative capability is 
maintained, and that the adsorptive-side adsorptive ele- 
ment (81 , 82) is prevented from undergoing a tempera- <o 
ture rise during adsorption, thereby assuring that a suf- 
ficient level of the adsorptive capability is maintained. 
[0058] In accordance with the twelfth invention, a heat- 
ing fluid and a second air stream are heated by the re- 
generation heater (72), thereby not only assuring that a *s 
sufficient level of the amount of regeneration is main- 
tained but also preventing the amount of adsorption from 
decreasing. In addition, since a cooling fluid is cooled by 
the cooler (79, 78), this assures that a sufficient level of 
the amount of adsorption is maintained. so 
[0059] In accordance with the thirteenth invention, it is 
arranged such that the regeneration heater (72) for heat- 
ing a second air stream prior to the second air stream 
flowing into the humidity control passageway (85) of one 
of the adsorptive elements (81 , 82), the auxiliary heater ss 
(78, 79) for heating a second air stream after its passage 
through the auxiliary passageway (86) of the one of the 
adsorptive elements (81, 82) before the second air 



stream flows into the humidity control passageway (85), 
and the cooler (79, 78) for cooling a cooling fluid prior to 
the cooling fluid flowing into the humidity control pas- 
sageway (85) of the other of the adsorptive elements (81 , 
82) are provided. As a result of such arrangement, the 
regenerative-side adsorptive element (81, 82) can be 
heated by the regeneration heater (72) and the auxiliary 
heater (78, 79) while on the other hand the adsorptive- 
side adsorptive element (81 , 82) can be cooled by the 
cooler. This ensures without fail that the regenerative- 
side adsorptive elements (81, 82) is prevented from un- 
dergoing a temperature fall during regeneration, thereby 
assuring that a sufficient level of the regenerative capa- 
bility is maintained, and that the adsorptive-side adsorp- 
tive elements (81, 82) is prevented from undergoing a 
temperature rise during adsorption, thereby assuring that 
a sufficient level of the adsorptive capability is main- 
tained. 

[0060] In accordance with the fourteenth invention, it 
is arranged such that a heating fluid and a second air 
stream are heated by the regeneration heater (72) and 
the auxiliary heater (78, 79), thereby not only assuring 
that a sufficient level of the amount of regeneration is 
maintained but also preventing the amount of adsorption 
from decreasing. In addition, a cooling fluid is cooled by 
the cooler (79, 78), thereby assuring that a sufficient level 
of the amount of adsorption is maintained. 
[0061] In accordance with the fifteenth and sixteenth 
inventions, when performing a batch switching operation 
in the humidity control device, it becomes possible to 
accomplish improvement in device performance by per- 
forming a heating/regeneration operating mode and a 
cooling/adsorption operation mode while changing the 
direction of refrigerant circulation in the refrigerant circuit 
(70) in conformity to the flow of a heating fluid through 
the auxiliary passageway (86) of the regenerative-side 
adsorptive element (81 , 82) and the flow of a cooling fluid 
through the auxiliary passageway (86) of the adsorptive- 
side adsorptive elements (81 , 82). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] 

Figure 1 is a schematic constructional diagram of a 
humidity control device according to a first embodi- 
ment of the present invention, wherein Figure 1(A) 
is a top view, Figure 1(B) is a left side view, Figure 
1(C) is a right side view, and Figure 1(D) is a rear 
view. 

Figure 2 is a schematic perspective view illustrating 
an adsorptive element of the humidity control device 
of the first embodiment. 

Figure 3 is an explanatory diagram which conceptu- 
ally illustrates the running operation of the humidity 
control device of the first embodiment, wherein Fig- 
ure 3(A) depicts the flow of air streams in a first op- 
eration and Figure 3(B) depicts the flow of air streams 
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in a second operation. 

Figure 4 is an explanatory diagram which illustrates 
the flow of air streams in a first operation of the de- 
humidification operating mode of the humidity con- 
trol device of the first embodiment. s 
Figure 5 is an explanatory diagram which illustrates 
the flow of air streams in a second operation of the 
dehumidification operating mode of the humidity 
control device of the first embodiment. 
Figure 6 is an explanatory diagram which illustrates io 
the flow of air streams in a first operation of the hu- 
midification operating mode of the humidity control 
device of the first embodiment. 
Figure 7 is an explanatory diagram which illustrates 
the flow of air streams in a second operation of the is 
humidification operating mode of the humidity con- 
trol device of the first embodiment. 
Figure 8 is an explanatory diagram which conceptu- 
ally illustrates the running operation of a humidity 
control device according to a first variation of the first 20 
embodiment, wherein Figure 8(A) depicts the flow 
of air streams in a first operation and Figure 8(B) 
depicts the flow of air streams in a second operation. 
Figure 9 is a schematic constructional diagram of a 
humidity control device according to a second vari- 25 
ation of the first embodiment, wherein Figure 9(A) is 
a top view, Figure 9(B) is a left side view, Figure 9 
(C) is a right side view, and Figure 9(D) is a rear view. 
Figure 10 is an explanatory diagram which concep- 
tually illustrates the configuration and the running 30 
operation of a humidity control device according to 
a third variation of the first embodiment, wherein Fig- 
ure 10(A) depicts the flow of air streams in a first 
operation and Figure 10(B) depicts the flow of air 
streams in a second operation. 35 
Figure 11 is an explanatory diagram which concep- 
tually illustrates the configuration and the running 
operation of a humidity control device according to 
a fourth variation of the first embodiment, wherein 
Figure 1 1 (A) depicts the flow of air streams in a first *<> 
operation and Figure 11(B) depicts the flow of air 
streams in a second operation. 
Figure 12 is a schematic constructional diagram of 
a humidity control device according to a second em- 
bodiment of the present invention, wherein Figure *s 
12(A) is a top view, Figure 12(B) is a left side view, 
Figure 12(C) is a right side view, and Figure 12(D) 
is a rear view. 

Figure 13 is an explanatory diagram which concep- 
tually illustrates the running operation of the humidity so 
control device according to the second embodiment, 
wherein Figure 1 3(A) depicts the flow of air streams 
in a first operation and Figure 13(B) depicts the flow 
of air streams in a second operation. 
Figure 1 4 is an explanatory diagram which illustrates ss 
the flow of air streams in a first operation of the de- 
humidification operating mode of the humidity con- 
trol device of the second embodiment. 
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Figure 15 is an explanatory diagram which illustrates 
the flow of air streams in a second operation of the 
dehumidification operating mode of the humidity 
control device of the second embodiment. 
Figure 16 is an explanatory diagram which illustrates 
the flow of air streams in a first operation of the hu- 
midification operating mode of the humidity control 
device of the second embodiment. 
Figure 1 7 is an explanatory diagram which illustrates 
the flow of air streams in a second operation of the 
humidification operating mode of the humidity con- 
trol device of the second embodiment. 
Figure 18 is an explanatory diagram which concep- 
tually illustrates the running operation of a humidity 
control device according to a first variation of the 
second embodiment, wherein Figure 18(A) depicts 
the flow of air streams in a first operation and Figure 
18(B) depicts the flow of air streams in a second 
operation. 

Figure 19 is a schematic constructional diagram of 
a humidity control device according to a second var- 
iation of the second embodiment, wherein Figure 19 
(A) is a top view, Figure 19(B) is a left side view, 
Figure 19(C) is a right side view, and Figure 19(D) 
is a rear view. 

Figure 20 is a perspective view of a humidity control 
device according to a third embodiment of the 
present invention. 

Figure 21 is an exploded perspective view which il- 
lustrates the flow of air streams in a first operation 
of the dehumidification operating mode of the humid- 
ity control device of the third embodiment. 
Figure 22 is an exploded perspective view which il- 
lustrates the flow of air streams in a second operation 
of the dehumidification operating mode of the humid- 
ity control device of the third embodiment. 
Figure 23 is a circuit diagram showing a refrigerant 
circuit of the humidity control device of the third em- 
bodiment. 

Figure 24 is an explanatory diagram which concep- 
tually illustrates the running operation of the humidity 
control device of the third embodiment, wherein Fig- 
ure 24(A) depicts the flow of air streams in a first 
operation and Figure 24(B) depicts the flow of air 
streams in a second operation. 
Figure 25 is an exploded perspective view which il- 
lustrates the flow of air streams in a first operation 
of the humidification operating mode of the humidity 
control device of the third embodiment. 
Figure 26 is an exploded perspective view which il- 
lustrates the flow of air streams in a second operation 
of the humidification operating mode of the humidity 
control device of the third embodiment. 
Figure 27 is acircuit diagram which shows avariation 
of the refrigerant circuit. 

Figure 28 is a psychrometric chart which represents 
the change of state of the air during the dehumidifi- 
cation operating mode in the summertime. 
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Figure 29 is a psychrometrlc chart which represents 
the change of state of the air during the humidification 
operating mode in the wintertime. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0063] Hereinafter, embodiments of the present inven- 
tion are described in detail with reference to the drawings. 

FIRST EMBODIMENT OF THE INVENTION 

CONFIGURATION OF HUMIDITY CONTROL DEVICE 

[0064] A humidity control device (1 ) according to a first 
embodiment of the present invention is configured, such 
that its operation is selectively switchable between a de- 
humidification operating mode in which air is dehumidi- 
fied and is then supplied into the room and a humidifica- 
tion operating mode in which air is humidified and is then 
supplied into the room. In addition, the humidity control 
device (1) of the first embodiment is provided with two 
identical adsorptive elements (81 , 82). The humidity con- 
trol device (1) is configured so as to perform a batch 
running operation in which the adsorptive elements (81 , 
82) alternately switch between "serving as an adsorptive- 
side adsorptive element " and "serving as a regenerative- 
side adsorptive element". Here, the configuration of the 
humidity control device (1 ) according to the present em- 
bodiment is described with reference to Figure 1 and Fig- 
ure 2. In addition, the following description of the first 
embodiment includes terms, such as "upper", "lower", 
"left", "right", "rear, "front", and "back". Each of the terms 
means, unless otherwise stated, a respective direction 
when viewing the humidity control device (1) of Figure 1 
(A) from the front side thereof (from the bottom side rel- 
ative to the figure). 

[0065] Figure 1 includes Figure 1(A) which is a top 
view, Figure 1(B) which is a left side view, Figure 1(C) 
which is a right side view, and Figure 1 (D) which is a rear 
view. As shown in Figure 1, the humidity control device 
(1) has a somewhat flat, rectangular parallelepiped- 
shaped casing (10), Formed within the casing (10) are a 
first air passageway through which outside air is drawn 
in and is then supplied into the room, and a second air 
passageway through which room air drawn in and is then 
discharged to outside the room. In addition, the two ad- 
sorptive elements (81, 82) and a regeneration heat ex- 
changer (72) as a regeneration heater are accommodat- 
ed within the casing (10). The adsorptive elements (81, 
82) are disposed, respectively, in the air passageways. 
The regeneration heat exchanger (72) is a heat exchang- 
er which heats air by making use of heated water flowing 
therethrough. The regeneration heat exchanger (72) is 
disposed between the adsorptive elements (81, 82). 
[0066] As shown in Figure 2, the adsorptive element 
(81, 82) comprises a laminated structure, in other words 
flat plate members (83) shaped like a flat plate and cor- 
rugated plate members (84) shaped like a corrugated 



plate are alternately stacked one upon the other to form 
the laminated structure. The corrugated plate members 
(84) are stacked in layers in such an orientation that ad- 
joining corrugated plate members (84) are deviated an 
5 angle of 90 degrees from each other relative to the ridge 
line direction. And, the adsorptive element (81, 82) is 
generally shaped like a rectangular parallelepiped or like 
a quadratic prism. 

[0067] In the adsorptive element (81, 82), humidity 
10 control passageways (85) and auxiliary passageways 
(86) are alternately partition-formed so as to be located 
opposite each otheracross respective flat plate members 
(83), in the direction in which the flat plate members (83) 
and the corrugated plate members (84) are alternately 
15 stacked one upon the other. The humidity control pas- 
sageway (85) opens at opposing side surfaces of the 
adsorptive element (81, 82) on the side of longer sides 
of the flat plate member (83) while on the other hand the 
auxiliary passageway (86) opens at side surfaces of the 
20 adsorptive element (81 , 82) on the side of shorter sides 
of the flat plate member (83). 

[0068] In the adsorptive element (81, 82), an adsorb- 
ent for adsorbing moisture is applied onto a surface of 
the flat plate member (83) that faces the humidity control 
25 passageway (85), and onto a surface of the corrugated 
plate member (84) disposed in the humidity control pas- 
sageway (85). As this sort of adsorbent, for example, 
silica gel, zeolite, ion-exchange resin, and other sub- 
stance may be used. 
30 [0069] As shown in Figure 1 , in the casing (10), a first 
panel (1 1 ) is the f rontmost-side panel and a second panel 
(12) is the backmost-side panel. An air supply opening 
(1 4) is formed at a lower part of the first panel (1 1 ) in the 
vicinity of its left periphery. An air discharge opening (1 6) 
is formed at a lower part of the first panel (11) in the 
vicinity of its right periphery. On the other hand, an indoor- 
side suction opening (13) is formed at a lower part of the 
second panel (12) in the vicinity of its left periphery. An 
outdoor-side suction opening (15) is formed at a lower 
part of the second panel (12) in the vicinity of its right 
periphery. 

[0070] The interior of the casing (10) is partitioned, rel- 
ative to the direction extending from the front-side first 
panel (11) to the back-side second panel (12), into two 
spaces. 

[0071] The space formed on the side of the second 
panel (12) of the casing (10), i.e., the space formed on 
the back side of the casing (10), is first described. This 
space is laterally divided into three spaces by a right side 
partition plate (20) and a left side partition plate (30). 
[0072] The space on the right side of the right side 
partition plate (20) is vertically partitioned by a right side 
lower/upper-partition plate (28) into an upper space and 
a lower space. In the space, the upper space forms an 
upper right flow passage (65) and the lower space forms 
a lower right flow passage (66). The lower right flow pas- 
sage (66) is in fluid communication with an outdoor space 
through the outdoor-side suction opening (15). 
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[0073] On the other hand, the space on the left side of 
the left side partition plate (30) is vertically partitioned by 
a left side lower/upper-partition plate (38) into an upper 
space and a lower space. In the space, the upper space 
forms an upper leftf low passage (67) and the lower space 
forms a lower left flow passage (68). The lower left flow 
passage (68) is in fluid communication with an indoor 
space through the indoor-side suction opening (13). 
[0074] Arranged in the space between the right side 
partition plate (20) and the left side partition plate (30) 
are two adsorptive elements (81 , 82). The adsorptive el- 
ements (81 , 82) are arranged in side by side and front- 
to-rear relationship at a specific distance apart from each 
other. More specifically, the first adsorptive element (81) 
is disposed in the vicinity of the front-side first panel (1 1 ) 
while on the other hand the second adsorptive element 
(82) is disposed in the vicinity of the back-side second 
panel (12). 

[0075] Each of the adsorptive elements (81 , 82) is ar- 
ranged such that the direction, in which the flat and cor- 
rugated plate members (83, 84) are laminated together, 
agrees with the lateral direction of the casing (10). And, 
in each of the adsorptive elements (81 , 82), the humidity 
control passageway (85) opens in the vertical direction 
of the casing (10) while the auxiliary passageway (86) 
opens in the front-to-rear direction of the casing (10). 
[0076] The third space defined between the right side 
partition plate (20) and the left side partition plate (30) is 
partitioned into a first flow passage (51), a second flow 
passage (52), afirst upperf low passage (53), a first lower 
flow passage (54), a second upper flow passage (55), a 
second lower flow passage (56), and a central flow pas- 
sage (57). 

[0077] The first flow passage (51 ) is formed on thef ront 
side of the first adsorptive element (81), being in fluid 
communication with the auxiliary passageway (86) of the 
first adsorptive element (81). The second flow passage 
(52) is formed on the back side of the second adsorptive 
element (82), being in fluid communication with the aux- 
iliary passageway (86) of the second adsorptive element 
(82). 

[0078] The first upper flow passage (53) is formed on 
the upper side of the first adsorptive element (81) and is 
in fluid communication with the humidity control passage- 
way (85) of the first adsorptive element (81). The first 
lower flow passage (54) is formed on the lower side of 
the first adsorptive element (81) and is in fluid commu- 
nication with the humidity control passageway (85) of the 
first adsorptive element (81). On the other hand, the sec- 
ond upper flow passage (55) is formed on the upper side 
of the second adsorptive element (82) and is in fluid com- 
munication with the humidity control passageway (85) of 
the second adsorptive element (82). The second lower 
flow passage (56) is formed on the lower side of the sec- 
ond adsoiptlve element (82) and is in fluid communica- 
tion with the humidity control passageway (85) of the sec- 
ond adsorptive element (82). 

[0079] The central flow passage (57) is formed be- 



tween the first adsorptive element (81) and the second 
adsorptive element (82) and is in fluid communication 
with the auxiliary passageway (86) of each of the adsorp- 
tive elements (81 , 82). The regeneration heat exchanger 
5 (72) is placed, substantially in a horizontal position, in 
the central flow passage (57). The regeneration heat ex- 
changer (72) is disposed such that its top surface lies at 
a level of height substantially corresponding to that of the 
first and second adsorptive elements (81, 82). The re- 
io generation heat exchanger (72) is configured so that a 
stream of air flowing through the central flow passage 
(57) is heated by heat exchange with heated water. 
[0080] As a partition between the central flow passage 
(57) and the first lower flow passage (54), an inside first 
is shutter (61 ) is provided. On the other hand, as a partition 
between the central flow passage (57) and the second 
lower flow passage (56), an inside second shutter (62) 
is provided. Both the inside firstsh utter (61) and the inside 
second shutter (62) are constructed, such that they can 
20 freely be placed in the open or closed state. 

[0081] As a partition between the first flow passage 
(51) and the first lower flow passage (54), an outside first 
shutter (63) is provided. On the other hand, as a partition 
between the second flow passage (52) and the second 
25 lower flow passage (56), an outside second shutter (64) 
is provided. Both the outside first shutter (63) and the 
outside second shutter (64) are constructed, such that 
they can freely be placed in the open or closed state. 
[0082] Formed in the right side partition plate (20) are 
30 a first upper right opening (23), a first lower right opening 
(24), a second upper right opening (25), a second lower 
right opening (26), and a third upper right opening (27). 
Each of these openings (23, 24,...) is provided with a 
respective opening/closing shutter, in other word each 
opening is configured so as to be capable of freely being 
placed in the open or closed state. 
[0083] The first upper right opening (23) is positioned 
at the upper side of a part of the right side partition plate 
(20) situated adjacent to the first adsorptive element (81 ). 
When the opening/closing shutter of the first upper right 
opening (23) is placed in the open state, the first upper 
flow passage (53) and the upper right flow passage (65) 
come into fluid communication with each other. The first 
lower right opening (24) is positioned at the lower side 
of a part of the right side partition plate (20) situated ad- 
jacent to the first adsorptive element (81). When the 
opening/closing shutter of the first lower right opening 
(24) is placed in the open state, the first lower flow pas- 
sage (54) and the lower right flow passage (66) come 
into fluid communication with each other. 
[0084] The second upper right opening (25) is posi- 
tioned at the upper side of a part of the right side partition 
plate (20) situated adjacent to the second adsorptive el- 
ement (82). When the opening/closing shutter of the sec- 
ond upper right opening (25) is placed in the open state, 
the second upper flow passage (55) and the upper right 
flow passage (65) come into fluid communication with 
each other. The second lower right opening (26) is posi- 
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tioned at the lower side of a part of the right side partition 
plate (20) situated adjacent to the second adsorptive el- 
ement (82). When the opening/closing shutter of the sec- 
ond lower right opening (26) is placed in the open state, 
the second lower flow passage (56) and the lower right 
flow passage (66) come into fluid communication with 
each other. 

[0085] The third upper right opening (27) is formed be- 
tween the first upper right opening (23) and the second 
upper right opening (25). The third upper right opening 
(27) is positioned at the upper side of a part of the right 
side partition plate (20) situated adjacent to the regener- 
ation heat exchanger (72). Provided around the third up- 
per right opening (27) is a right side partition wall (29). A 
right side air introducing path (69) in fluid communication 
with the central flow passage (57) is partition-formed be- 
tween the right side partition plate (20) and the right side 
partition wall (29). The right side air introducing path (69) 
within the right side partition wall (29) is isolated from the 
upper right flow passage (65), but it is in fluid communi- 
cation with the lower right flow passage (66) through the 
opening of the right side lower/upper-partition plate (28). 
[0086] Formed in the left side partition plate (30) are 
a first upper left opening (33), a first lower left opening 
(34), a second upper left opening (35), a second lower 
left opening (36), and a third upper left opening (37). Each 
of these openings (33, 34, ...) is provided with a respec- 
tive opening/closing shutter, in other word each opening 
is configured so as to be capable of freely being placed 
in the open or closed state. 

[0087] The first upper left opening (33) is positioned at 
the upper side of a part of the left side partition plate (30) 
situated adjacent to the first adsorptive element (81). 
When the opening/closing shutter of the first upper left 
opening (33) is placed in the open state, the first upper 
flow passage (53) and the upper left flow passage (67) 
come into fluid communication with each other. The first 
lower left opening (34) is positioned at the lower side of 
a part of the leftside partition plate (30) situated adjacent 
to the first adsorptive element (81). When the opening/ 
closing shutter of the first lower left opening (34) is placed 
in the open state, the first lower flow passage (54) and 
the lower left flow passage (68) come into fluid commu- 
nication with each other. 

[0088] The second upper left opening (35) is posi- 
tioned at the upper side of a part of the left side partition 
plate (30) situated adjacent to the second adsorptive el- 
ement (82). When the opening/closing shutter of the sec- 
ond upper left opening (35) is placed in the open state, 
the second upper flow passage (55) and the upper left 
flow passage (67) come into fluid communication with 
each other. The second lower left opening (36) is posi- 
tioned at the lower side of a part of the left side partition 
plate (30) situated adjacent to the second adsorptive el- 
ement (82). When the opening/closing shutter of the sec- 
ond lower left opening (36) is placed in the open state, 
the second lower flow passage (56) and the lower left 
flow passage (68) come into fluid communication with 



each other. 

[0089] The third upper left opening (37) is formed be- 
tween the first upper left opening (33) and the second 
upper left opening (35). The third upper left opening (37) 
5 is positioned at the upper side of a part of the left side 
partition plate (30) situated adjacent to the regeneration 
heat exchanger (72). Provided around the third upper left 
opening (37) is a left side partition wall (39). A left side 
air introducing path (70) in fluid communication with the 
io central flow passage (57) is partition-formed between the 
leftside partition plate (30) and the leftside partition wall 
(39). The left side air introducing path (70) within the left 
side partition wall (39) is isolated from the upper left flow 
passage (67), but it is in fluid communication with the 
15 lower left flow passage (68) through the opening of the 
left side lower/upper-partition plate (38). 
[0090] Next, the space formed on the side of the first 
panel (1 1) of the casing (10), i.e., the space formed on 
the front side of the casing (1 0), is described. The space 
20 is laterally partitioned into three spaces by two partition 
plates (40) which are mounted centrally in the space. 
And, of the spaces a right side space and a left side space 
constitute an air discharge chamber (41) and an air sup- 
ply chamber (42), respectively. 
25 [0091] The air discharge chamber (41 ) is in fluid com- 
munication with the upper right flow passage (65) as well 
as in fluid communication with an outdoor space through 
the air discharge opening (1 6). The air discharge cham- 
ber (41) is provided with an air discharge fan (96). The 
30 air discharge fan (96) is to deliver air to be treated to 
outside the room through the air discharge opening (1 6). 
[0092] The air supply chamber (42) is in communica- 
tion with the upper left flow passage (67) as well as in 
fluid communication with an indoorspace through the air 
35 supply opening (1 4). The air supply chamber (42) is pro- 
vided with an air supply fan (95). The air supply fan (95) 
is to deliver air to be treated into the room through the 
air supply opening (14). 

RUNNING OPERATION 

[0093] Next, the running operation of the above-de- 
scribed humidity control device (1) is described. The hu- 
midity control device (1 ) takes in a first air stream which 
is a first process-air stream and a second air stream 
which is a second process-air stream and its operation 
selectively switches between a dehumldification operat- 
ing mode and a humidification operating mode. In addi- 
tion, the humidity control device (1) alternately performs 
a first operation and a second operation (these two dif- 
ferent operation will be described later), thereby to con- 
tinuously provide dehumidification or humidification. 
[0094] With reference first to Figure 3, there is provided 
a brief explanation of the operation during the dehumid- 
ification operating mode. 

[0095] Figure 3(A) illustrates the flow of air streams in 
the first operation. Figure 3(B) illustrates the flow of air 
streams in the second operation. In the first operation, a 
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first air stream passes through the humidity control pas- 
sageway (85) of the first adsorptive element (81) where 
the first air stream is dehumidified, after which the first 
air stream is supplied into the room. On the other hand, 
a second air stream is heated in the regeneration heat 
exchanger (72). Thereafter, the second air stream pass- 
es through the auxiliary passageway (86) of the second 
adsorptive element (82), thereby heating the second ad- 
sorptive element (82). Then, the second air stream pass- 
es through the humidity control passageway (85) of the 
second adsorptive element (82), thereby regenerating 
the second adsorptive element (82). On the other hand, 
in the second operation, a first air stream is dehumidified 
in the second adsorptive element (82) while a second air 
stream regenerates the first adsorptive element (81). 
More specifically, a first air stream is dehumidified as a 
result of releasing moisture to the adsorptive element 
(81, 82). Then, the dehumidified first air stream is sup- 
plied into the room. On the other hand, a second air 
stream regenerates the adsorptive element (81, 82) by 
absorbing moisture therefrom. 

The second air stream is then discharged to outside the 
room. 

[0096] During the humidification operating mode, a 
second air stream, humidified as a result of absorbing 
moisture from the adsorptive element (81 , 82), is supplied 
into the room. On the other hand, a first air stream re- 
leases moisture to the adsorptive element (81 , 82). The 
first air stream is then discharged to outside the room. 
[0097] Although Figures 3(A) and 3(B) show examples 
in which a first air stream and a second air stream flow 
through the humidity control passageway (85) of each of 
the adsorptive elements (81 , 82) in the same direction, 
it may be arranged such that a first air stream and a sec- 
ond airstream flow through the humidity control passage- 
way (85) in opposite directions, in other words a first and 
a second air stream flow countercurrentiy, as indicated 
by broken line. The configuration of a humidity control 
device of the countercurrent type will be described later 
in a third embodiment of the present invention. 

DEHUMIDIFICATION OPERATING MODE 

[0098] In the dehumidification operating mode, when 
the air supply fan (95) is activated, outside air (OA) as a 
first air stream is taken, through the outdoor side suction 
opening (15), into the lower right flow passage (66) within 
the casing (10), as shown in Figures 4 and 5. On the 
other hand, when the air discharge fan (96) is activated, 
room air (RA) as a second air stream is taken, through 
the indoor side suction opening (13), into the lower left 
flow passage (68) within the casing (10). 
[0099] In addition, in the dehumidification operating 
mode, heated water flows through the regeneration heat 
exchanger (72), whereby the heat of the heated water is 
given to a stream of air flowing through the regeneration 
heat exchanger (72). 



FIRST OPERATION 

[01 00] As shown in Figure 3(A) and Figure 4, in a first 
operation, the process of adsorption occurs in the first 
5 adsorptive element (81 ) and the process of regeneration 
occurs in the second adsorptive element (82). In other 
words, in the first operation, air is dehumidified in the first 
adsorptive element (81) and the adsorbent of the second 
adsorptive element (82) is regenerated. 
10 [0101] As shown in Figure 4, in the right side partition 
plate (20), the first lower right opening (24) and the sec- 
ond upper right opening (25) enter the open state while 
the remaining other openings (23, 26, 27) are placed in 
the closed state, in this state, the first lower right opening 
15 (24) allows fluid communication between the lower right 
flow passage (66) and the first lower flow passage (54), 
and the second upper right opening (25) allows fluid com- 
munication between the second upperf low passage (55) 
and the upper right flow passage (65). 
20 [01 02] On the other hand, in the left side partition plate 
(30), the first upper left opening (33) and the third upper 
left opening (37) enterthe open state while the remaining 
other openings (34, 35, 36) are placed in the closed state. 
In this state, the third upper left opening (37) allows fluid 
25 communication between the lower left flow passage (68) 
and the central flow passage (57) through the left side 
air introducing path (70) within the left side partition wall 
(39), and the first upper left opening (33) allows fluid com- 
munication between the first upper flow passage (53) 
30 and the upper left flow passage (67). 

[01 03] The inside first shutter (61 ), the inside second 
shutter (62), and the outside first shutter (63) enter the 
closed state while on the other hand the outside second 
shutter (64) is placed in the open state. This state allows 
fluid communication between the second flow passage 
(52) and the second lower flow passage (56) through the 
outside second shutter (64). 

[01 04] A first air stream, taken into the lower right flow 
passage (66), flows into the first lower flow passage (54) 
via the first lower right opening (24). As also shown in 
Figure 3(A), after the entrance into the first lower flow 
passage (54), the first air stream flows into the humidity 
control passageway (85) of the first adsorptive element 
(81). During the flow through the humidity control pas- 
sageway (85) of the first adsorptive element (81), water 
vapors contained in the first air stream are adsorbed on 
the adsorbent of the first adsorptive element (81). The 
first air stream, thus dehumidified in the first adsorptive 
element (81 ), flows into the first upper flow passage (53). 
[0105] After the entrance into the first upper flow pas- 
sage (53), the dehumidified first airstream flows into the 
upper leftflowpassage(67) via the first upper left opening 
(33). Thereafter, the first airstream flows into the air sup- 
ply chamber (42). After the entrance into the air supply 
chamber (42), the first air stream is supplied into the room 
via the air supply opening (14) by the air supply fan (95). 
[01 06] Meanwhile, a second air stream, taken into the 
lower left flow passage (68), flows, through the left side 
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air introducing path (70) within the left side partition wall 
(39) and then through the third upper left opening (37), 
into the central flow passage (57). The second air stream 
is heated while flowing downwardly through the regen- 
eration heat exchanger (72). Thereafter, the second air 
stream is passed through the auxiliary passageway (86) 
of the second adsorptive element (82). Afterthe passage 
through the auxiliary passageway (86) of the second ad- 
sorptive element (82), the second air stream flows into 
the second flow passage (52), passes through the open- 
ing of the outside second shutter (64), and flows into the 
second lower flow passage (56). The second air stream 
passes upwardly through the humidity control passage- 
way (85) of the second adsorptive element (82). In the 
humidity control passageway (85), the adsorbent is heat- 
ed by the second air stream and, as a result, water vapors 
are desorbed from the adsorbent. In other words, the 
adsorbent of the second adsorptive element (82) is re- 
generated. The water vapors desorbed from the adsorb- 
ent flow, together with the second air stream, into the 
second upper flow passage (55). 
[0107] After the entrance into the second upper flow 
passage (55), the second air stream flows into the upper 
right flow passage (65) via the second upper right open- 
ing (25). Thereafter, the second air stream flows into the 
air discharge chamber (41). After the entrance into the 
air discharge chamber (41 ), the second air stream is dis- 
charged to outside the room via the air discharge opening 
(16) by the air discharge fan (96). 

SECOND OPERATION 

[0108] As shown in Figure 3(B) and Figure 5, contrary 
to the above-described first operation, in a second oper- 
ation, the process of adsorption occurs in the second 
adsorptive element (82) and the process of regeneration 
occurs in the first adsorptive element(81). In otherwords, 
in the second operation, air is dehumidified in the second 
adsorptive element (82) and the adsorbent of the first 
adsorptive element (81) is regenerated. 
[0109] As shown in Figure 5, in the right side partition 
plate (20), the first upper right opening (23) and the sec- 
ond lower right opening (26) enter the open state while 
the remaining other openings (24, 25, 27) are placed in 
the closed state. In this state, the first upper right opening 
(23) allows fluid communication between the first upper 
flow passage (53) and the upper right flow passage (65), 
and the second lower right opening (26) allows fluid com- 
munication between the lower right flow passage (66) 
and the second lower flow passage (56). 
[0110] In the left side partition plate (30), the second 
upper left opening (35) and the third upper left opening 
(37) enter the open state while the remaining other open- 
ings (33, 34, 36) are placed in the closed state. In this 
state, the third upper left opening (37) allows fluid com- 
munication between the lower left flow passage (68) and 
the central flow passage (57) through the left side air 
introducing path (70) withinthe leftside partition wall(39), 



and the second upper left opening (35) allows fluid com- 
munication between the second upperflow passage (55) 
and the upper left flow passage (67). 
[0111] The inside first shutter (61), the inside second 
5 shutter (62), and the outside second shutter (64) enter 
the closed state while on the other hand the outside first 
shutter (63) is placed in the open state. This state allows 
fluid communication between the first flow passage (51) 
and the first lower flow passage (54) through the outside 
10 first shutter (63). 

[0112] A first air stream, taken into the lower right flow 
passage (66), flows into the second lower flow passage 
(56) via the second lower right opening (26). As also 
shown in Figure 3(B), afterthe entrance into the second 
15 lower flow passage (56), the first air stream flows into the 
humidity control passageway (85) of the second adsorp- 
tive element (82). During the flow through the humidity 
control passageway (85), water vapors contained in the 
first air stream are adsorbed on the adsorbent of the sec- 
20 ond adsorptive element (82). The first air stream, thus 
dehumidified in the second adsorptive element (82), 
flows into the second upper flow passage (55). 
[0113] After the entrance into the second upper flow 
passage (55), the dehumidified first air stream flows into 
25 the upper left flow passage (67) via the second upper left 
opening (35). Thereafter, the first air stream flows into 
the air supply chamber (42). After the entrance into the 
air supply chamber (42), the first air stream is supplied 
into the room via the air supply opening (14) by the air 
30 supply fan (95). 

[01 14] On the other hand, a second air stream, taken 
into the lower left flow passage (68), flows, through the 
left side air introducing path (70) within the left side par- 
tition wall (39) and then through the third upper left open- 
ing (37), into the central flow passage (57). The second 
air stream is heated while flowing downwardly through 
the regeneration heat exchanger (72). Thereafter, the 
second air stream is passed through the auxiliary pas- 
sageway (86) of the first adsorptive element (81). After 
the passage through the auxiliary passageway (86) of 
the first adsorptive element (81), the second air stream 
flows into the first flow passage (51), passes through the 
opening of the outside first shutter (63), and flows into 
the first lower flow passage (54). The second air stream 
passes upwardly through the humidity control passage- 
way (85) of the first adsorptive element (81). In the hu- 
midity control passageway (85), the adsorbent is heated 
by the second air stream and, as a result, water vapors 
are desorbed from the adsorbent. In other words, the 
adsorbent of the first adsorptive element (81) is regen- 
erated. The water vapors desorbed from the adsorbent 
flow, together with the second air stream, into the first 
upper flow passage (53). 

[01 1 5] After the entrance into the first upper flow pas- 
sage (53), the second air stream flows into the upper 
right flow passage (65) via the first upper right opening 
(23). Thereafter, the second air stream flows into the air 
discharge chamber (41). After the entrance into the air 
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discharge chamber (41), the second air stream is dis- 
charged to outside the room via the air discharge opening 
(16) by the air discharge fan (96). 

HUMIDIFICATION OPERATING MODE 

[01 1 6] In the humidification operating mode, when the 
air supply fan (95) is activated, outside air (OA) as a sec- 
ond air stream is taken into the lower right flow passage 
(66) within the casing (10) through the outdoor side suc- 
tion opening (15), as shown in Figures 6 and 7. On the 
other hand, when the air discharge fan (96) is activated, 
room air (RA) as a first air stream is taken into the lower 
left flow passage (68) within the casing (10) through the 
indoor side suction opening (13). 
[011*7] In addition, in the humidification operating 
mode, heated water flows through the regeneration heat 
exchanger (72), whereby the heat of the heated water is 
given to a stream of air flowing through the regeneration 
heat exchanger (72). 

FIRST OPERATION 

[0118] As shown in Figure 3(A) and Figure 6, in a first 
operation, the process of adsorption occurs in the first 
adsorptive element (81) and the process of regeneration 
occurs in the second adsorptive element (82). In other 
words, inthe first operation, airis humidified in the second 
adsorptive element (82) and water vapors are adsorbed 
on the adsorbent of the first adsorptive element (81). 
[0119] As shown in Figure 6, in the right side partition 
plate (20), the first upper right opening (23) and the third 
upper right opening (27) enter the open state while the 
remaining other openings (24, 25, 26) are placed in the 
closed state. In this state, the first upper right opening 
(23) allows fluid communication between the upper right 
flow passage (65) and the first upper flow passage (53), 
and the lower right flow passage (66) and the central flow 
passage (57) come into fluid communication with each 
otherthroughthe right side air introducing path (69) within 
the right side partition wall (29) and the third upper right 
opening (27). 

[0120] On the other hand, in the leftside partition plate 
(30), the first lower left opening (34) and the second upper 
left opening (35) enter the open state while the remaining 
other openings (33, 36, 37) are placed in the closed state. 
In this state, the first lower left opening (34) allows fluid 
communication between the lower left flow passage (68) 
and the first lower flow passage (54), and the second 
upper left opening (35) allows fluid communication be- 
tween the second upper flow passage (55) and the upper 
left flow passage (67). 

[0121] The inside first shutter (61), the inside second 
shutter (62), and the outside first shutter (63) enter the 
closed state while on the other hand the outside second 
shutter (64) is placed in the open state. This state allows 
fluid communication between the second flow passage 
(52) and the second lower flow passage (56) through the 



outside second shutter (64). 

[0122] A first air stream, taken into the lower left flow 
passage (68), flows into the first lower flow passage (54) 
via the first lower left opening (34). As also shown in 

5 Figure 3(A), after the entrance into the first lower flow 
passage (54), the first air stream flows into the humidity 
control passageway (85) of the first adsorptive element 
(81). During the flow through the humidity control pas- 
sageway (85), water vapors contained in the first air 

10 stream are adsorbed on the adsorbent of the first adsorp- 
tive element (81). The first air stream thus dehumidified 
in the first adsorptive element (81) flows into the first up- 
per flow passage (53). 

[01 23] After the entrance into the first upper flow pas- 
15 sage (53), the first air stream flows into the upper right 
flow passage (65) via the first upper right opening (23). 
Thereafter, the first air stream flows into the air discharge 
chamber (41). After the entrance into the air discharge 
chamber (41), the first air stream is discharged to outside 
20 the room via the air discharge opening (16) by the air 
discharge fan (96). 

[0124] On the other hand, a second air stream, taken 
into the lower right flow passage (66), flows, through the 
right side air introducing path (69) within the right side 
partition wall (29) and then through the third upper right 
opening (27), into the central flow passage (57). The sec- 
ond air stream is heated while flowing downwardly 
through the regeneration heat exchanger (72). Thereaf- 
ter, the second air stream passes through the auxiliary 
passageway (86) of the second adsorptive element (82). 
After the passage through the auxiliary passageway (86) 
of the second adsorptive element (82), the second air 
stream flows into the second flow passage (52), passes 
through the opening of the outside second shutter (64), 
and flows into the second lower flow passage (56). The 
second air stream passes upwardly through the humidity 
control passageway (85) of the second adsorptive ele- 
ment (82). In the humidity control passageway (85), the 
adsorbent is heated by the second air stream and, as a 
result, water vapors are desorbed from the adsorbent. In 
other words, the adsorbent of the second adsorptive el- 
ement (82) is regenerated. The water vapors desorbed 
from the adsorbent are given to the second air stream, 
as a result of which the second air stream is humidified. 
The second air stream thus humidified in the second ad- 
sorptive element (82) flows into the second upper flow 
passage (55). 

[0125] After the entrance into the second upper flow 
passage (55), the humidified second air stream flows into 
the upper left flow passage (67) via the second upper left 
opening (35). Thereafter, the second air stream flows 
into the air supply chamber (42). After the entrance into 
the air supply chamber (42), the second air stream is 
supplied into the room via the air supply opening (14) by 
the air supply fan (95). 
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SECOND OPERATION 

[0126] As shown in Figure 3(B) and Figure 7, contrary 
to the first operation, in a second operation, the process 
of adsorption takes place in the second adsorptive ele- 
ment (82) and the process of regeneration takes place 
in the first adsorptive element (81). In other words, in the 
second operation, air is humidified in the first adsorptive 
element (81) and water vapors are adsorbed on the ad- 
sorbent of the second adsorptive element (82). 
[0127] As shown in Figure 7, in the right side partition 
plate (20), the second upper right opening (25) and the 
third upper right opening (27) enter the open state while 
the remaining other openings (23, 24, 26) are placed in 
the closed state. In this state, the second upper right 
opening (25) allows fluid communication between the up- 
per right flow passage (65) and the second upper flow 
passage (55), and the lower right flow passage (66) and 
the central flow passage (57) come into fluid communi- 
cation with each other through the right side air introduc- 
ing path (69) within the right side partition wall (29) and 
the third upper right opening (27). 
[01 28] On the other hand, in the left side partition plate 
(30), the first upper left opening (33) and the second lower 
left opening (36) enterthe open state while the remaining 
other openings (34, 35,37) are placed in the closed state. 
In this state, the second lower left opening (36) allows 
fluid communication between the lower left flow passage 
(68) and the second lower flow passage (56), and the 
first upper left opening (33) allows fluid communication 
between the first upper flow passage (53) and the upper 
left flow passage (67). 

[0129] The inside first shutter (61), the inside second 
shutter (62), and the outside second shutter (64) enter 
the closed state while on the other hand the outside first 
shutter (63) is placed in the open state. This state allows 
fluid communication between the first flow passage (51) 
and the first lower flow passage (54) through the outside 
first shutter (63). 

[0130] A first air stream, taken into the lower left flow 
passage (68), flows into the second lower flow passage 
(56) via the second lower left opening (36). As also shown 
in Figure 3(B), after the entrance into the second lower 
flow passage (56), the first air stream flows into the hu- 
midity control passageway (85) of the second adsorptive 
element (82). Duringthe flow through the humidity control 
passageway (85), water vapors contained in the first air 
stream are adsorbed on the adsorbent of the second ad- 
sorptive element (82). The first air stream thus dehumid- 
ified in the second adsorptive element (82) flows into the 
second upper flow passage (55). 
[0131] After the entrance into the second upper flow 
passage (55), the first air stream flows into the upper 
right flow passage (65) via the second upper right open- 
ing (25). Thereafter, the first air stream flows into the air 
discharge chamber (41). After the entrance into the air 
discharge chamber (41 ), the first air stream is discharged 
to outside the room via the air discharge opening (16) by 



the air discharge fan (96). 

[0132] On the other hand, a second air stream, taken 
into the lower right flow passage (66), flows, through the 
right side air introducing path (69) within the right side 
s partition wall (29) and then through the third upper right 
opening (27), into the central flow passage (57). The sec- 
ond air stream is heated while flowing downwardly 
through the regeneration heat exchanger (72). Thereaf- 
ter, the second air stream passes through the auxiliary 
10 passageway (86) of the first adsorptive element (81 ). Af- 
ter the passage through the auxiliary passageway (86) 
of the first adsorptive element (81), the second air stream 
flows into the first flow passage (51), passes through the 
opening of the outside first shutter (63), and flows into 
15 the first lower flow passage (54). The second air stream 
passes upwardly through the humidity control passage- 
way (85) of the first adsorptive element (81). In the hu- 
midity control passageway (85), the adsorbent is heated 
by the second air stream and, as a result, water vapors 
20 are desorbed from the adsorbent. In other words, the 
adsorbent of the first adsorptive element (81) is regen- 
erated. And, the water vapors desorbed from the adsorb- 
ent are given to the second air stream, as a result of 
which the second air stream is humidified. The second 
air stream thus humidified in the first adsorptive element 
(81) flows into the second upper flow passage (55). 
[0133] After the entrance into the second upper flow 
passage (55), the second air stream flows into the upper 
left flow passage (67) via the first upper left opening (33). 
Thereafter, the second air stream flows into the air supply 
chamber (42). After the entrance into the air supply cham- 
ber (42), the second air stream is supplied into the room 
via the air supply opening (1 4) by the air supply fan (95). 
[01 34] In the first embodiment, as can clearly be seen 
from the description of the foregoing operations, the in- 
side first and second shutters (61, 62) are constantly 
placed in the closed state. Therefore, the inside first and 
second shutters (61, 62) may be implemented by fixed 
partition plates as long as the above-described running 
operations are carried out in the first embodiment. 

EFFECTS OF THE FIRST EMBODIMENT 

[01 35] As described above, in accordance with the first 
embodiment, it is arranged such that each adsorptive 
element (81 , 82) is provided with the auxiliary passage- 
way (86) through which a heating fluid flows at the time 
of regeneration of the adsorptive element (81 , 82). As a 
result of such arrangement, it becomes possible to pro- 
vide heating and regeneration by preheating the adsorp- 
tive element (81 , 82) with a heating fluid (i.e., a second 
air stream) flowing through the auxiliary passageway (86) 
at the time of regeneration of the adsorptive element (81 , 
82). Consequently, the adsorptive element (81, 82) is 
maintained at high temperature, thereby making it pos- 
sible to increase the amount of release moisture (the 
amount of regeneration) more than is conventionally 
achieved. Accordingly, it becomes possible to increase 
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the amount of adsorption the next time the adsorptive 
element (81 , 82) adsorbs moisture in a first air stream, 
and the device performance is enhanced. 
[0136] Especially, at the time of regeneration of the 
adsorptive element (81, 82), all of a second air stream 
of high temperature flows, as a heating fluid, through the 
auxiliary passageway (86), heats the adsorptive element 
(81 , 82), and flows through the humidity control passage- 
way (85), therefore assuring without fail that the adsorp- 
tive element (81 , 82) is prevented from undergoing a tem- 
perature fall, and that a sufficient level of the amount of 
regeneration is maintained. 

VARIATIONAL EXAMPLES OF THE FIRST EMBODI- 
MENT 

FIRST VARIATIONAL EXAMPLE 

[01 37] A first variational example is a humidity control 
device having the same configuration as the humidity 
control device of the first embodiment. The first variation- 
al example is characterized in that the flow of air streams 
in the first operation and the flow of air streams in the 
second operation are changed. In the present variational 
example, the inside first shutter (61 ) and the inside sec- 
ond shutter (62) are placed in the open or closed state. 
[0138] With reference to Figure 8, operation during the 
dehumidification operating mode is briefly described. 
[01 39] Figure 8(A) illustrates the flow of air streams in 
the first operation. Figure 8(B) illustrates the flow of air 
streams in the second operation. In the first operation, a 
first air stream is dehumidified when passing through the 
humidity control passageway (85) of the first adsorptive 
element (81 ). The dehumidified first air stream is supplied 
into the room. On the other hand, a second air stream is 
heated in the regeneration heat exchanger (72). Then, 
the flow of the second air stream is divided into two branch 
flows. More specifically, a part of the second air stream 
passes through the auxiliary passageway (86) of the sec- 
ond adsorptive element (82) and heats the second ad- 
sorptive element (82). Thereafter, the part of the second 
air stream joins the rest of the second air stream. The 
merged second air stream flows through the humidity 
control passageway (85) of the second adsorptive ele- 
ment (82). As a result, the second adsorptive element 
(82) is regenerated. On the other hand, in the second 
operation, a first air stream is dehumidified in the second 
adsorptive element (82), and when the first adsorptive 
element (81) is regenerated by a second air stream, a 
part of the second air stream, after its passage through 
the auxiliary passageway (86), joins the rest of the sec- 
ond air stream. Then, the merged second air stream flows 
into the humidity control passageway (85). And, the first 
air stream, dehumidified as a result of releasing moisture 
to the adsorptive element (81 , 82), is supplied into the 
room while on the other hand the second air stream, used 
to regenerate the adsorptive element (81 , 82) by absorb- 
ing moisture therefrom, is discharged to outside the 



room. 

[0140] In the examples of Figures 1-7, both the inside 
first shutter (61) and the inside second shutter (62) are 
constantly placed in the closed state. Unlike these ex- 

5 amples, when performing the operation of Figure 8 in the 
present variational example, the inside first shutter (61) 
is placed in the open state at the same time the outside 
first shutter (63) is placed in the open state, and the inside 
second shutter (62) is placed in the open state at the 

10 same time the outside second shutter (64) is placed in 
the open state. As a result of such arrangement, a part 
of an air stream after the passage through the regener- 
ation heat exchanger (72) passes through the auxiliary 
passageway (86) of the adsorptive element (81 , 82) and 

15 joins the rest of the air stream. Thereafter, the merged 
air stream flows into the humidity control passageway 
(85). 

[0141] During the humidification operating mode, a 
second air stream is humidified as a result of absorbing 

20 moisture from the adsorptive element (81 , 82). Then, the 
second air stream is supplied into the room. On the other 
hand, a first air stream releases moisture to the adsorp- 
tive element (81, 82). Then, the first air stream is dis- 
charged to outside the room. 

25 [0142] In addition, also in the example of Figure 8, a 
first air stream and a second air stream flow through the 
humidity control passageway (85) of each adsorptive el- 
ement (81 , 82) in the same direction. Alternatively, it may 
be arranged such that a first air stream and a second air 

30 stream flow through the humidity control passageway 
(85) in opposite directions, as indicated by broken line. 
[0143] In the first variational example, at the time of 
regeneration of the adsorptive element (81, 82), a part 
of a second air stream prior to its passage through the 

35 humidity control passageway (85) enters, as a heating 
fluid, the auxiliary passageway (86). A second air stream 
is a high-temperature air stream which is used to regen- 
erate the adsorptive element (81 , 82). A part of the sec- 
ond air stream flows through the auxiliary passageway 

40 (86) and joins the rest of the second air stream while 
heating the adsorptive element (81, 82). Then, the 
merged second air stream flows through the humidity 
control passageway (85), thereby preventing the adsorp- 
tive element (81 , 82) from undergoing a temperature fall 

45 during regeneration. Hereby, it becomes possible to as- 
sure that a sufficient level of the amount of regeneration 
is maintained, and that the amount of adsorption is also 
prevented from decreasing. 



[0144] As shown in Figure 9, a second variational ex- 
ample is an example of the humidity control device of the 
first embodiment with the addition of a refrigerant circuit. 
55 [0145] The refrigerant circuit is provided with, in addi- 
tion to the regeneration heat exchanger (72), a first heat 
exchanger (73), a second heat exchanger (74), a com- 
pressor (71 ), and an expansion valve (not shown), In the 
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refrigerant circuit charged with a refrigerant, the refriger- 
ant is circulated, thereby to perform a refrigeration cycle. 
Additionally, the refrigerant circuit is configured, such that 
its operation selectively switches between the operation 
in which the first heat exchanger (73) operates as an 5 
evaporator and the operation in which the second heat 
exchanger (74) operates as an evaporator. 
[0146] In the present variational example, the regen- 
eration heat exchanger (72) is not a heat exchanger 
through which heated water flows but a heat exchanger 10 
through which refrigerant flows, and a stream of air flow- 
ing through the central flow passage (57) is heated by 
heat exchange with the refrigerant of the refrigerant cir- 
cuit. 

[0147] In addition, the compressor (71) is disposed in is 
a space defined between the air discharge chamber (41 ) 
and the air supply chamber (42). 
[01 48] In addition to the air discharge fan (96), the sec- 
ond heat exchanger (74) is disposed in the air discharge 
chamber (41). During the humidification operating mode, 20 
the refrigerant is distributed through the second heat ex- 
changer (74), wherein a process-air stream flowing in the 
direction of the air discharge fan (96) is cooled by being 
subjected to heat exchange with the refrigerant of the 
refrigerant circuit. On the other hand, during the dehu- 25 
midification operating mode, the second heat exchanger 
(74) is stopped, in other word the second heat exchanger 
(74) neither heats nor cools process air. 
[0149] In addition to the air supply fan (95), the first 
heat exchanger (73) is disposed in the air supply cham- so 
ber (42). During the dehu midification operating mode, 
the refrigerant is distributed through the first heat ex- 
changer (73), wherein a process-air stream flowing in the 
direction of the air supply fan (95) is cooled by being 
subjected heat exchange with the refrigerant of the re- 35 
frigerant circuit. On the other hand, during the humidifi- 
cation operating mode, the first heat exchanger (73) is 
stopped, in other words the first heat exchanger (73) nei- 
ther heats nor cools process air. 

[0150] In the second variational example, during the *o 
dehumidification operating mode, outside air (OA) intro- 
duced into the casing (10) via the outdoor side suction 
opening (15) is dehumidified in the adsorptive element 
(81, 82) when flowing in the casing (10) as illustrated in 
Figures 4 and 5. Then, the first air stream enters the air 45 
supply chamber (42). After the entrance into the air sup- 
ply chamber (42), the first air stream is cooled as a result 
of heat exchange with the refrigerant in the first heat ex- 
changer (73). Thereafter, the first air stream is supplied 
into the room via the air supply opening (14) by the air so 
supply fan (95). 

[0151] On the other hand, room air (RA) introduced 
into the casing (10) via the indoor side suction opening 
(13) regenerates the adsorptive element (81, 82) when 
flowing in the casing (10) as illustrated in Figures 4 and ss 
5. Then, the second air stream enters the air discharge 
chamber (41). After the entrance into the air discharge 
chamber (41 ), the second air stream passes through the 



second heat exchanger (74), and is discharged to outside 
the room via the air discharge opening (16) by the air 
discharge fan (96). At that time, the second heat ex- 
changer (74) is stopped, so that the second air stream 
is neither heated nor cooled. 

[0152] In addition, during the humidification operating 
mode, outdoor air (OA) introduced into the casing (10) 
via the outdoor side suction opening (15) is humidified 
in the adsorptive element (81, 82) when flowing in the 
casing (10) as illustrated in Figures 6 and 7. Then, the 
second air stream enters the air supply chamber (42). 
After the entrance into the air supply chamber (42), the 
second air stream passes through the first heat exchang- 
er (73), and is supplied into the room via the air supply 
opening (14) by the air supply fan (95). 
[0153] On the other hand, room air (OA) introduced 
into the casing (10) via the indoor side suction opening 
(13) is dehumidified in the adsorptive element (81, 82) 
when flowing in the casing (10) as indicated in Figures 
6 and 7, and then flows into the air discharge chamber 
(41). After the entrance into the air discharge chamber 
(41), the first air stream is cooled as a result of heat ex- 
change with the refrigerant in the second heat exchanger 
(74). Then, the first air stream is discharged to outside 
the room via the air discharge opening (16) by the air 
discharge fan (96). 

[0154] Also in the second variational example, during 
regeneration of the adsorptive element (81 , 82), the ad- 
sorptive element (81 , 82) is heated by a heating fluid (i.e., 
a second air stream) flowing through the auxiliary pas- 
sageway (86). Consequently, the adsorptive element 
(81 , 82) is maintained at high temperature, thereby mak- 
ing it possible to increase the amount of release moisture 
(the amount of regeneration more than is conventionally 
achieved. Accordingly, it becomes possible to increase 
also the amount of adsorption the next time the adsorp- 
tive element (81, 82) adsorbs moisture in a first air 
stream, and the device performance is enhanced. 
[0155] In addition, it may be arranged such that, at the 
time of regeneration of the adsorptive element (81, 82), 
all of a second air stream of high temperature for regen- 
eration of the adsorptive element (81 , 82) flows, as a 
heating fluid, through the auxiliary passageway (86), 
heats the adsorptive element (81 , 82), and flows through 
the humidity control passageway (85), as in the first em- 
bodiment of Figure 3. Alternatively, it may be arranged 
such that a part of a second air stream prior to its passage 
through the humidity control passageway (85) flows, as 
a heating fluid, through the auxiliary passageway (86), 
heats the adsorptive element (81, 82), joins the rest of 
the second air stream, and flows through the humidity 
control passageway (85), as in the first variational exam- 
ple of Figure 8. These arrangements assure that the ad- 
sorptive element (81, 82) is prevented from undergoing 
a temperature fall during regeneration, and that a suffi- 
cient level of the amount of regeneration is maintained. 
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THIRD VARIATIONAL EXAMPLE 

[01 56] A third variational example is an example of the 
humidity control device of the first embodiment in which, 
as shown in Figures 10(A) and 10(B), an auxiliary heater 
(78, 79) is disposed along the lower surface of each ad- 
sorptive element. Of the auxiliary heaters (78, 79), only 
the regenerative side one is turned on to heat a second 
air stream. The auxiliary heater (78, 79) may be imple- 
mented by a hot-water heat exchanger or an electric heat- 
er, or by a heating-heat exchanger of the refrigerant cir- 
cuit. 

[01 57] As a result of such arrangement, all of a second 
air stream heated in the regeneration heat exchanger 
(72) flows, as a heating fluid, into one of the adsorptive 
elements (81 , 82) and heats the one adsorptive element 
(81, 82). Thereafter, the second air stream is heated 
again in the auxiliary heater (78, 79), and flows through 
the humidity control passageway (85). This prevents the 
adsorptive element (81, 82) from undergoing a temper- 
ature fall during regeneration, thereby assuring that a 
sufficient level of the amount of regeneration is main- 
tained. 

FOURTH VARIATIONAL EXAMPLE 

[0158] Additionally, it may be arranged such that, in 
the humidity control device of the first variational exam- 
ple, the auxiliary heater (78, 79) is disposed along the 
lower surface of the adsorptive element (81, 82), as 
shown in Figures 11(A) and 11(B). 
[0159] As a result of such arrangement, a part of a 
second air stream heated in the regeneration heat ex- 
changer (72) is flows, as a heating fluid, into the auxiliary 
passageway (86) of one of the adsorptive elements (81 , 
82), joins the rest of the second air stream, is heated in 
the auxiliary heater (78, 79), and flows into the humidity 
control passageway (85) of the adsorptive element (81 , 
82). This also prevents the adsorptive element (81, 82) 
from undergoing a temperature fall during regeneration, 
thereby assuring that a sufficient level of the amount of 
regeneration is maintained. 

SECOND EMBODIMENT OF THE INVENTION 

CONFIGURATION OF HUMIDITY CONTROL DEVICE 

[0160] With reference to Figure 12, there is shown a 
humidity control device (2) of a second embodiment of 
the present invention. The second embodiment is a mod- 
ification of the first embodiment with changes in the con- 
figuration of the air passageways and changes in the 
layout of some devices. More specifically, the location of 
the openings (21-26, 31-36) of the right and leftside par- 
tition plates (20, 30) is changed, and the resulting air 
passageways differ from the air passageways in the first 
embodiment and the location of the regeneration heat 
exchanger (72) is also changed. 



[0161] Hereinafter, the difference between the first em- 
bodiment and the second embodiment is described. 
[0162] Unlike the first embodiment, the regeneration 
heat exchanger (72) of the second embodiment is dis- 

5 posed, not in a horizontal position but in substantially an 
upright position, in the central flow passage (57) formed 
between the first adsorptive element (81) and the second 
adsorptive element (82). The regeneration heat ex- 
changer (72) is configured, such that an air stream flow- 

10 Ing through the central flow passage (57) is heated as a 
result of heat exchange with heated water. 
[01 63] Formed in the right side partition plate (20) are 
a first right side opening (21 ), a second right side opening 

(22) , a first upper right opening (23), a first lower right 
15 opening (24), a second upper right opening (25), and a 

second lower right opening (26). Each of these openings 
(21, 22, ...) is provided with a respective opening/closing 
shutter and is configured, such that it can freely be placed 
in the open or closed state. The third upper right opening 

20 (27) of the first embodiment is not provided. 

[0164] The right side opening (21) is positioned at a 
front-side lower part of the right side partition plate (20). 
When the opening/closing shutter of the first right side 
opening (21) is placed in the open state, the first flow 

25 passage (51 ) and the lower right flow passage (66) come 
into fluid communication with each other. The second 
right side opening (22) is positioned at a back-side lower 
part of the right side partition plate (20). When the open- 
ing/closing shutter of the second right side opening (22) 

30 is placed in the open state, the second flow passage (52) 
and the iowerrightflow passage (66)come into fluid com- 
munication with each other. The first upper right opening 

(23) , the first lower right opening (24), the second upper 
right opening (25), and the second lower right opening 

35 (26) are formed in the same way that their counterparts 
of the first embodiment are formed. 
[01 65] Formed in the left side partition plate (30) are a 
first left side opening (31), a second left side opening 

(32) , a first upper left opening (33), a first lower left open- 
40 ing (34), a second upper left opening (35), and a second 

lower left opening (36). Each of these openings (31, 
32, ...) is provided with a respective opening/closing 
shutter and is configured, such that it can freely be placed 
in the open or closed state. The third upper left opening 
45 (37) of the first embodiment is not provided. 

[01 66] The first left side opening (31) is positioned at 
a front-side lower part of the left side partition plate (30). 
When the opening/closing shutter of the first left side 
opening (31) is placed in the open state, the first flow 
50 passage (51 ) and the lower left flow passage (68) come 
into fluid communication with each other. The second left 
side opening (32) is positioned at a back-side lower part 
of the left side partition plate (30). When the opening/ 
closing shutter of the second left side opening (32) is 
55 placed in the open state, the second flow passage (52) 
and the lower left flow passage (68) come into fluid com- 
munication with each other. The first upper left opening 

(33) , the first lower left opening (34), the second upper 
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left opening (35), and the second lower left opening (36) 
are formed in the same way that their counterparts of the 
first embodiment are formed. 

[01 67] Other portions that are assigned the same ref- 
erence numerals as those already described in the first 
embodiment are formed in the same way as in the first 
embodiment. Accordingly, the configuration of the 
present humidity control device is not described here. 

RUNNING OPERATION 

[0168] Next, the running operation of the above-de- 
scribed humidity control device (2) is described. The hu- 
midity control device (2) takes in a first air stream which 
is a first process-air stream and a second air stream 
which is a second process-air stream and its operation 
selectively switches between a dehumidification operat- 
ing mode and a humidlfication operating mode. In addi- 
tion, the humidity control device (2) alternately performs 
a first operation and a second operation, thereby to con- 
tinuously provide dehumidification or humidification. 
[0169] In the first place, with reference to Figure 13, 
operation during the dehumidification operating mode is 
described briefly. 

[0170] Figure 13(A) illustrates the flow of air streams 
in the first operation. Figure 13(B) illustrates the flow of 
air streams in the second operation. In the first operation, 
a first air stream passes through the humidity control pas- 
sageway (85) of the first adsorptive element (81) where 
the first air stream is dehumidified, after which the first 
air stream is supplied into the room. On the other hand, 
during the passage through the auxiliary passageway 
(86) of the first adsorptive element (81), a second air 
stream absorbs heat of adsorption of the first air stream. 
Thereafter, the second air stream is heated in the regen- 
eration heat exchanger (72). Then, the second airstream 
passes through the auxiliary passageway (86) of the sec- 
ond adsorptive element (82) and heats the second ad- 
sorptive element (82). Thereafter, the second airstream 
passes through the humidity control passageway (85) of 
the second adsorptive element (82) and regenerates the 
second adsorptive element (82). In the second operation, 
a first air stream is dehumidified in the second adsorptive 
element (82) and the first adsorptive element (81) is re- 
generated by a second air stream. And, the first air 
stream, dehumidified as a result of releasing moisture to 
the adsorptive element (81 , 82), is supplied into the room 
while on the other hand the second air stream, used to 
regenerate the adsorptive element (81 , 82) by absorbing 
moisture therefrom, is discharged to outside the room. 
[0171] During the humidification operating mode, a 
second air stream, humidified as a result of absorbing 
moisture from the adsorptive element (81 , 82), is supplied 
into the room while on the other hand a first air stream 
releases moistu re to the adsorptive element (81 , 82), and 
is discharged to outside the room. 
[0172] Although Figures 13(A) and 13(B) show exam- 
ples in which the first and second air streams flow through 



the humidity control passageway (85) of each adsorptive 
element (81 , 82) in the same direction, it may be arranged 
such the first and second air streams flow through the 
humidity control passageway (85) in opposite directions, 
5 in other words the first and second air streams flow coun- 
tercurrently. 

DEHUMIDIFICATION OPERATING MODE 

10 [0173] In the dehumidification operating mode, when 
the air supply fan (95) is activated, outside air (OA) as a 
first air stream is taken, through the outdoor side suction 
opening (1 5), into the lower right flow passage (66) within 
the casing (10), as shown in Figures 14 and 15. On the 

15 other hand, when the air discharge fan (96) is activated, 
room air (RA) as a second air stream is taken, through 
the indoor side suction opening (13), into the lower left 
flow passage (68) within the casing (10). 
[0174] In addition, in the dehumidification operating 

20 mode, heated waterf lows through the regeneration heat 
exchanger (72), whereby the heat of the heated water is 
given to an air stream flowing through the regeneration 
heat exchanger (72). 

25 FIRST OPERATION 

[0175] As shown in Figure 13(A) and Figure 14, in a 
first operation of the dehumidification operating mode, 
the process of adsorption takes place in the first adsorp- 
30 tive element (81) and the process of regeneration takes 
place in the second adsorptive element (82). In other 
words, in the first operation, air is dehumidified in the first 
adsorptive element (81 ) and the adsorbent of the second 
adsorptive element (82) is regenerated. 
[0176] As shown in Figure 14, in the right side partition 
plate (20), the first lower right opening (24) and the sec- 
ond upper right opening (25) enter the open state while 
the remaining other openings (21, 22, 23, 26) are placed 
in the closed state. In this state, the first lower right open- 
ing (24) allows fluid communication between the lower 
right flow passage (66) and the first lower flow passage 

(54) , and the second upper right opening (25) allows fluid 
communication between the second upper flow passage 

(55) and the upper right flow passage (65). 
[0177] On the other hand, in the left side partition plate 
(30), the first left side opening (31 ) and the first upper left 
opening (33) enter the open state while the remaining 
other openings (32, 34, 35, 36) are placed in the closed 
state. In this state, the first left side opening (31) allows 
fluid communication between the lower left flow passage 
(68) and the first flow passage (51), and the first upper 
left opening (33) allows fluid communication between the 
first upper flow passage (53) and the upper left flow pas- 
sage (67). 

[01 78] The inside first shutter (61 ), the inside second 
shutter (62), and the outside first shutter (63) enter the 
closed state while on the other hand the outside second 
shutter (64) is placed in the open state. This state allows 
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fluid communication between the second flow passage 
(52) and the second lower flow passage (56) through the 
outside second shutter (64). 

[01 79] A first air stream, taken into the lower right flow 
passage (66), flows into the first lower flow passage (54) 
via the first lower right opening (24), On the other hand, 
asecond airstream, taken into the lower left flow passage 
(68), flows into the first flow passage (51) via the first left 
side opening (31). 

[0180] As also shown in Figure 13(A), after the en- 
trance into the first lower flow passage (54), the first air 
stream flows into the humidity control passageway (85) 
of the first adsorptive element (81). During the flow 
through the humidity control passageway (85), water va- 
pors contained in the first airstream are adsorbed on the 
adsorbent of the first adsorptive element (81). The first 
air stream thus dehumidified in the first adsorptive ele- 
ment (81) flows into the first upper flow passage (53). 
[01 81 ] Meanwhile, after the entrance into the first flow 
passage (51), the second air stream flows into the aux- 
iliary passageway (86) of the first adsorptive element 
(81). During the flow through the auxiliary passageway 
(86), the second air stream absorbs heat of adsorption 
generated as a result of water vapor adsorption by the 
adsorbent in the humidity control passageway (85). After 
having absorbed such heat of adsorption, the second air 
stream enters the central flow passage (57) and then 
passes through the regeneration heat exchanger (72). 
At that time, in the regeneration heat exchanger (72), the 
second airstream is heated by heat exchange with heat- 
ed water. 

[0182] The second air stream, heated by the first ad- 
sorptive element (81) and the regeneration heat ex- 
changer (72), is introduced into the auxiliary passageway 
(86) of the second adsorptive element (82) by way of the 
central flow passage (57). Thereafter, the second air 
stream flows into the second flow passage (52), flows, 
through the opening of the outside second shutter (64), 
into the second lower flow passage (56), and is intro- 
duced into the humidity control passageway (85) of the 
second adsorptive element (82). In the humidity control 
passageway (85), the adsorbent is heated by the second 
air stream and, as a result, water vapors are desorbed 
from the adsorbent. In other words, the adsorbent of the 
second adsorptive element (82) is regenerated. The wa- 
ter vapors desorbed from the adsorbent flow, together 
with the second air stream, into the second upper flow 
passage (55). 

[0183] After the entrance into the first upper flow pas- 
sage (53), the dehumidified first airstream flows into the 
upper left flow passage (67) via the first upper left opening 
(33) and flows into the air supply chamber (42). After the 
entrance into the air supply chamber (42), the first air 
stream is supplied into the room via the air supply opening 
(14) by the air supply fan (95). 

[0184] On the other hand, after the entrance into the 
second upper flow passage (55), the second air stream 
flows into the upper right flow passage (65) via the second 



upper right opening (25) and flows into the air discharge 
chamber (41). After the entrance into the air discharge 
chamber (41), the second air stream is discharged to 
outside the room via the air discharge opening (16) by 
5 the air discharge fan (96). 

SECOND OPERATION 

[0185] As shown in Figure 13(B) and Figure 15, con- 
10 trary to the first operation, in a second operation of the 
dehumidification operating mode, the process of adsorp- 
tion takes place in the second adsorptive element (82) 
and the process of regeneration takes place in the first 
adsorptive element (81). In other words, in the second 
15 operation, air is dehumidified in the second adsorptive 
element (82) at the same time the adsorbent of the first 
adsorptive element (81) is regenerated. 
[01 86] As shown in Figure 1 5, in the right side partition 
plate (20), the first upper right opening (23) and the sec- 
20 ond lower right opening (26) enter the open state while 
the remaining other openings (21 , 22, 24, 25) are placed 
in the closed state. In this state, the first upper right open- 
ing (23) allows fluid communication between the first up- 
per flow passage (53) and the upper right flow passage 
25 (65), and the second lower right opening (26) allows fluid 
communication between the lower right flow passage 
(66) and the second lower flow passage (56). 
[01 87] On the other hand, in the left side partition plate 
(30), the second left side opening (32) and the second 
30 upper left opening (35) enter the open state while the 
remaining other openings (31, 33, 34, 36) are placed in 
the closed state. In this state, the second leftside opening 
(32) allows fluid communication between the lower left 
flow passage (68) and the second flow passage (52), 
and the second upper left opening (35) allows fluid com- 
munication between the second upperf low passage (55) 
and the upper left flow passage (67). 
[0188] The inside first shutter (61), the inside second 
shutter (62), and the outside second shutter (64) enter 
the closed state while on the other hand the outside first 
shutter (63) is placed in the open state. This state allows 
fluid communication between the first flow passage (51) 
and the first lowerflow passage (54) through the outside 
first shutter (63). 

[0189] The first air stream, taken into the lower right 
flow passage (66), flows into the second lowerflow pas- 
sage (56) via the second lower right opening (26). On 
the other hand, the second airstream, taken into the low- 
er left flow passage (68), flows into the second flow pas- 
sage (52) via the second left side opening (32). 
[0190] As also shown in Figure 13(B), after the en- 
trance into the second lowerflow passage (56), the first 
air stream flows into the humidity control passageway 
(85) of the second adsorptive element (82). During the 
flow through the humidity control passageway (85), water 
vapors contained in the first air stream are adsorbed on 
the adsorbent of the second adsorptive element (82). 
The first air stream thus dehumidified in the second ad- 
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sorptive element (82) flows into the second upper flow 
passage (55). 

[0191] On the other hand, after the entrance into the 
second flow passage (52), the second air stream flows 
into the auxiliary passageway (86) of the second adsorp- 
tive element (82). During the flow through the auxiliary 
passageway (86), the second air stream absorbs heat of 
adsorption generated as a result of water vapor adsorp- 
tion by the adsorbent in the humidity control passageway 

(85) . After having absorbed such heat of adsorption, the 
second air stream enters the central flow passage (57) 
and passes through the regeneration heat exchanger 
(72). At that time, in the regeneration heat exchanger 
(72), the second air stream is heated by heat exchange 
with heated water. 

[0192] The second air stream, heated by the second 
adsorptive element (82) and the regeneration heat ex- 
changer (72), is introduced into the auxiliary passageway 

(86) of the first adsorptive element (81) by way of the 
central flow passage (57). Thereafter, the second air 
stream enters the first flow passage (51), flows, through 
the opening of the outside first shutter (63), into the first 
lower flow passage (54), and is introduced into the hu- 
midity control passageway (85) of the first adsorptive el- 
ement (81). In the humidity control passageway (85), the 
adsorbent is heated by the second air stream and, as a 
result, water vapors are desorbed from the adsorbent. In 
other words, the adsorbent of the first adsorptive element 
(81)is regenerated. The water vapors desorbed from the 
adsorbent flow, together with the second air stream, into 
the first upper flow passage (53). 

[0193] After the entrance into the second upper flow 
passage (55), the dehumidified first air stream flows into 
the upper left flow passage (67) via the second upper left 
opening (35). Thereafter, the first air stream flows into 
the air supply chamber (42). After the entrance into the 
air supply chamber (42), the first air stream is supplied 
into the room via the air supply opening (14) by the air 
supply fan (95). 

[0194] On the other hand, after the entrance into the 
first upper f low passage (53), the second air stream flows 
into the upper right flow passage (65) via the first upper 
right opening (23). Thereafter, the second air stream 
flows into the air discharge chamber (41). After the en- 
trance into the air discharge chamber (41), the second 
air stream is discharged to outside the room via the air 
discharge opening (16) by the air discharge fan (96). 

HUMIDIFICATION OPERATING MODE 

[0195] In the humidification operating mode (as shown 
in Figures 13A and 16), when the air supply fan (95) is 
activated, outside air (OA) as a second air stream is taken 
into the lower right flow passage (66) within the casing 
(10) through the outdoor side suction opening (15). On 
the other hand, when the air discharge fan (96) is acti- 
vated, room air (RA) as a first air stream is taken into the 
lower left flow passage (68) within the casing (1 0) through 



the indoor side suction opening (13). 
[0196] In addition, in the humidification operating 
mode, heated waterflows through the regeneration heat 
exchanger (72), whereby the heat of the heated water is 
5 given to an air stream flowing through the regeneration 
heat exchanger (72). 

FIRST OPERATION 

io [0197] As shown in Figure 13(A) and Figure 16, in a 
first operation of the humidification operating mode, the 
process of adsorption takes place in the first adsorptive 
element (81 ) and the process of regeneration takes place 
in the second adsorptive element (82). In other words, 
is in the first operation, air is humidified in the second ad- 
sorptive element (82) and water vapors are adsorbed on 
the adsorbent of the first adsorptive element (81). 
[01 98] As shown in Figure 1 6, in the right side partition 
plate (20), the first right side opening (21) and the first 
upper right opening (23) enter the open state while the 
remaining other openings (22, 24, 25, 26) are placed in 
the closed state. In this state, the first right side opening 
(21) allows fluid communication between the lower right 
flow passage (66) and the first flow passage (51), and 
the first upper right opening (23) allows fluid communi- 
cation between the first upper flow passage (53) and the 
upper right flow passage (65). 

[01 99] On the other hand, in the left side partition plate 
(30), the first lower left opening (34) and the second upper 
left opening (35) enter the open state while the remaining 
other openings (31, 32, 33, 36) are placed in the closed 
state. In this state, the first lower left opening (34) allows 
fluid communication between the lower left flow passage 
(68) and the first lower flow passage (54), and the second 
upper left opening (35) allows fluid communication be- 
tween the second upper flow passage (55) andthe upper 
left flow passage (67). 

[0200] The inside first shutter (61 ), the inside second 
shutter (62), and the outside first shutter (63) enter the 
closed state while on the other hand the outside second 
shutter (64) is placed in the open state. This state allows 
fluid communication between the second flow passage 
(52) and the second lowerflow passage (56) through the 
outside second shutter (64). 

[0201 ] The first air stream, taken into the lower leftf low 
passage (68), flows into the first lowerflow passage (54) 
via the first lower left opening (34). On the other hand, 
the second air stream, taken into the lower right flow pas- 
sage (66), flows into the first flow passage (51) via the 
first right side opening (21). 

[0202] As also shown in Figure 13(A), after the en- 
trance into the first lowerflow passage (54), the first air 
stream flows into the humidity control passageway (85) 
of the first adsorptive element (81). During the flow 
through the humidity control passageway (85), water va- 
pors contained in the first air stream are adsorbed on the 
adsorbent of the first adsorptive element (81). The first 
air stream thus dehumidified in the first adsorptive ele- 
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ment (81) flows Into the first upper flow passage (53). 
[0203] Meanwhile, after the entrance into the first flow 
passage (51), the second air stream flows into the aux- 
iliary passageway (86) of the first adsorptive element 
(81). During the flow through the auxiliary passageway 
(86), the second air stream absorbs heat of adsorption 
generated as a result of water vapor adsorption by the 
adsorbent in the humidity control passageway (85). After 
having absorbed such heat of adsorption, the second air 
stream enters the central flow passage (57) and passes 
through the regeneration heat exchanger (72). At that 
time, in the regeneration heat exchanger (72), the second 
air stream is heated by heat exchange with heated water. 
[0204] The second air stream, heated by the first ad- 
sorptive element (81) and the regeneration heat ex- 
changer^), isintroduced into the auxiliary passageway 
(86) of the second adsorptive element (82) by way of the 
central flow passage (57). Thereafter, the second air 
stream flows into the second flow passage (52), flows, 
through the opening of the outside second shutter (64), 
into the second lower flow passage (56), and is intro- 
duced into the humidity control passageway (85) of the 
second adsorptive element (82). In the humidity control 
passageway (85), the adsorbent is heated by the second 
air stream and, as a result, water vapors are desorbed 
from the adsorbent. In other words, the adsorbent of the 
second adsorptive element (82) is regenerated. And, the 
water vapors desorbed from the adsorbent are given to 
the second air stream, in other words the second air 
stream is humidified. The water vapors desorbed from 
the adsorbent flow, together with the second air stream, 
into the second upper flow passage (55). 
[0205] After the entrance into the first upper flow pas- 
sage (53), the dehumidified first air stream flows into the 
upper right flow passage (65) via the first upper right 
opening (23). Thereafter, the first air stream flows into 
the air discharge chamber (41). After the entrance into 
the air discharge chamber (41), the first air stream is 
discharged to outside the room via the air discharge 
opening (16) by the air discharge fan (96). 
[0206] After the entrance into the second upper flow 
passage (55), the second air stream flows into the upper 
left flow passage (67) via the second upper left opening 
(35). Thereafter, the second air stream flows into the air 
supply chamber (42). After the entrance into the air sup- 
ply chamber (42), the second air stream is supplied into 
the room via the air supply opening (14) by the air supply 
fan (95). 

SECOND OPERATION 

[0207] As shown in Figure 13(B) and Figure 17, con- 
trary to the first operation, in a second operation of the 
humldlflcatlon mode, the process of adsorption takes 
place in the second adsorptive element (82) and the proc- 
ess of regeneration takes place in the first adsorptive 
element (81). In other words, in the second operation, 
air is humidified in the first adsorptive element (81) and 



water vapors are adsorbed on the adsorbent of the sec- 
ond adsorptive element (82). 

[0208] As shown in Figure 17, in the right side partition 
plate (20), the second right side opening (22) and the 

5 second upper right opening (25) enter the open state 
while the remaining other openings (21, 23, 24, 26) are 
placed in the closed state. In this state, the second right 
side opening (22) allows fluid communication between 
the lower right flow passage (66) and the second flow 

10 passage (52), and the second upper right opening (25) 
allows fluid communication between the second upper 
flow passage (55) and the upper right flow passage (65). 
[0209] On the other hand, in the left side partition plate 
(30), the first upper left opening (33) and the second lower 

15 left opening (36) enterthe open state while the remaining 
other openings (31, 32, 34, 35) are placed in the closed 
state. In this state, the first upper left opening (33) allows 
fluid communication between the first upperf low passage 
(53) and the upper left flow passage (67), and the second 

20 lower left opening (36) allows fluid communication be- 
tween the lower left flow passage (68) and the second 
lower flow passage (56). 

[021 0] The inside first shutter (61 ), the inside second 
shutter (62), and the outside second shutter (64) enter 
25 the closed state while on the other hand the outside first 
shutter (63) is placed in the open state. This state allows 
fluid communication between the first flow passage (51) 
and the first lower flow passage (54) through the outside 
first shutter (63). 
30 [021 1 ] The first air stream, taken into the lower left flow 
passage (68), flows into the second lower flow passage 
(56) via the second lower left opening (36). On the other 
hand, the second air stream, taken into the lower right 
flow passage (66), flows into the second flow passage 
(52) via the second right side opening (22). 
[0212] As also shown in Figure 13(B), after the en- 
trance into the second lower flow passage (56), the first 
air stream flows into the humidity control passageway 
(85) of the second adsorptive element (82). During the 
flow through the humidity control passageway (85), water 
vapors contained in the first air stream are adsorbed on 
the adsorbent of the second adsorptive element (82). 
The first air stream thus dehumidified in the second ad- 
sorptive element (82) flows into the second upper flow 
passage (55). 

[0213] On the other hand, after the entrance into the 
second flow passage (52), the second air stream flows 
into the auxiliary passageway (86) of the second adsorp- 
tive element (82). During the flow through the auxiliary 
passageway (86), the second air stream absorbs heat of 
adsorption generated as a result of water vapor adsorp- 
tion by the adsorbent in the humidity control passageway 
(85). After having absorbed such heat of adsorption, the 
second air stream enters the central flow passage (57) 
and then passes through the regeneration heat exchang- 
er (72). At that time, in the regeneration heat exchanger 
(72), the second air stream is heated as a result of heat 
exchange with heated water. 
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[0214] The second air stream, heated by the second 
adsorptive element (82) and the regeneration heat ex- 
changer (72), is introduced into the auxiliary passageway 
(86) of the first adsorptive element (81) by way of the 
central flow passage (57). Thereafter, the second air 
stream enters the first flow passage (51), flows, through 
the opening of the outside first shutter (63), into the first 
lower flow passage (54), and is introduced into the hu- 
midity control passageway (85) of the first adsorptive el- 
ement (81). In the humidity control passageway (85), the 
adsorbent is heated by the second air stream and, as a 
result, water vapors are desorbed from the adsorbent. In 
other words, the adsorbent of the first adsorptive element 
(81) is regenerated. The water vapors desorbed from the 
adsorbent are given to the second air stream and, as a 
result, the second air stream is humidified. The water 
vapors desorbed from the adsorbent flow, together with 
the second air stream, into the first upper flow passage 
(53). 

[0215] After the entrance into the second upper flow 
passage (55), the dehumidified first air stream flows into 
the upper right flow passage (65) via the second upper 
right opening (25). Thereafter, the first air stream flows 
into the air supply chamber (42). After the entrance into 
the air supply chamber (42), the first air stream is supplied 
into the room via the air supply opening (14) by the air 
supply fan (95). 

[0216] On the other hand, after the entrance into the 
first upperf low passage (53), the second air stream flows 
into the upper left flow passage (67) via the first upper 
left opening (33). Thereafter, the second air stream flows 
into the air discharge chamber (41). After the entrance 
into the air discharge chamber (41), the second air 
stream is discharged to outside the room via the air dis- 
charge opening (16) by the air discharge fan (96). 

EFFECTS OF THE SECOND EMBODIMENT 

[0217] As described above, in accordance with the 
second embodiment, each adsorptive element (81, 82) 
is provided with the auxiliary passageway (86) through 
which a heating fluid flows at the time the adsorptive el- 
ement (81 , 82) is regenerated, thereby making it possible 
to heat the adsorptive element (81, 82) with the heating 
fluid flowing through the auxiliary passageway (86) at the 
time of regeneration of the adsorptive element (81, 82) 
(heating/regeneration operating mode), as in the first em- 
bodiment. Consequently, the adsorptive element (81 , 82) 
is maintained at high temperature, thereby making it pos- 
sible to increase the amount of release moisture (the 
amount of regeneration) more than is conventionally 
achieved. Accordingly, it becomes possible to increase 
also the amount of adsorption the next time the adsorp- 
tive element (81, 82) adsorbs moisture in a first air 
stream, thereby accomplishing improvement in device 
performance. 

[0218] Additionally, during adsorption of the adsorptive 
element (81 , 82), the adsorptive element (81 , 82) can be 



cooled by a cooling fluid (a second air stream) flowing 
through the auxiliary passageway (86) (cooling/adsorp- 
tion operating mode). This prevents a temperature rise 
during adsorption, thereby making it possible to enhance 

5 the capability to adsorb moisture. 

[021 9] Furthermore, it is arranged such that, when per- 
forming a batch running operation in the humidity control 
device (2) provided with the first adsorptive element (81) 
and the second adsorptive element (82), a cooling/ad- 

10 sorption operating mode is conducted in one of the ad- 
sorptive elements (81, 82) while simultaneously a heat- 
ing/regeneration operating mode is conducted in the oth- 
er of the adsorptive elements (81 , 82). This makes it pos- 
sible to accomplish improvement in both adsorptive ca- 

15 pability and regenerative capability, thereby accomplish- 
ing improvement in total device performance. 

VARIATIONAL EXAMPLES OFTHE SECOND EMBOD- 
IMENT 

20 

FIRST VARIATIONAL EXAMPLE 

[0220] A first variational example is a humidity control 
device having the same configuration as the humidity 
25 control device of the second embodiment. The first var- 
iational example is characterized in that the flow of air 
streams in the first operation and the flow of air streams 
in the second operation are changed. In the present var- 
iational example, the inside first shutter (61) and the in- 
30 side second shutter (62) are placed in the open or closed 
state. 

[0221] With reference to Figure 18, operation during 
the dehumidification operating mode is briefly described 
below. 

[0222] Figure 18(A) illustrates the flow of air streams 
in the first operation. Figure 18(B) illustrates the flow of 
air streams in the second operation. In the first operation, 
a first air stream is dehumidified when passing through 
the humidity control passageway (85) of the first adsorp- 
tive element (81). Thereafter, the first air stream is sup- 
plied into the room. On the other hand, a second air 
stream absorbs heat of adsorption of the first air stream 
when passing through the auxiliary passageway (86) of 
the first adsorptive element (81 ). Thereafter, the second 
air stream is heated in the regeneration heat exchanger 
(72). Then, the flow of the second air stream is divided 
into two branch flows. More specifically, a part of the sec- 
ond air stream passes through the auxiliary passageway 
(86) of the second adsorptive element (82) and heats the 
second adsorptive element (82). Thereafter, the part of 
the second air stream joins the rest of the second air 
stream. The merged second air stream flows through the 
humidity control passageway (85) of the second adsorp- 
tive element (82), and the second adsorptive element 
(82) is regenerated. In the second operation, a first air 
stream is dehumidified in the second adsorptive element 
(82), and when the first adsorptive element (81 ) is regen- 
erated by a second air stream, a part of the second air 
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stream, after its passage through the auxiliary passage- 
way (86), joins the rest of the second air stream. The 
merged second air stream flows into the humidity control 
passageway (85). And, the first air stream, dehumidified 
as a result of releasing moistu re to the adsorptive element 
(81 , 82), is supplied into the room while on the other hand 
the second air stream, used to regenerate the adsorptive 
element (81 , 82) by absorbing moisture therefrom, is dis- 
charged to outside the room. 

[0223] in the examples of Figures 12-17, both the in- 
side first shutter (61) and the inside second shutter (62) 
are constantly placed in the closed state. Unlike these 
examples, when performing the operation of Figure 18, 
the inside first shutter (61) is placed in the open state at 
the same time the outside first shutter (63) is placed in 
the open state, and the inside second shutter (62) is 
placed in the open state at the same time the outside 
second shutter (64) is placed in the open state. As a 
result of such arrangement, a part of an air stream after 
its passage through the regeneration heat exchanger 
(72) passes through the auxiliary passageway (86) of the 
adsorptive element (81 , 82) and then joins the rest of the 
air stream. Thereafter, the merged air stream flows into 
the humidity control passageway (85). 
[0224] During the humidification operating mode, a 
second air stream is humidified as a result of absorbing 
moisture from the adsorptive element (81 , 82). Then, the 
second air stream is supplied into the room. On the other 
hand, a first air stream releases moisture to the adsorp- 
tive element (81, 82). Then, the first air stream is dis- 
charged to outside the room. 

[0225] In addition, with reference to Figures 1 8(A) and 
18(B), the first and second air streams flow through the 
humidity control passageway (85) of each adsorptive el- 
ement (81 , 82) in the same direction. Alternatively, it may 
be arranged such that the first and second air streams 
flow through the humidity control passageway (85) in op- 
posite directions, as indicated by broken line. 
[0226] In the first variational example, during regener- 
ation of the adsorptive element (81 , 82), a part of a sec- 
ond air stream prior to its passage through the humidity 
control passageway (85) enters, as a heating fluid, the 
auxiliary passageway (86). The second air stream is a 
high-temperature air stream which is used to regenerate 
the adsorptive element (81 , 82). The part of the second 
air stream flows through the auxiliary passageway (86) 
and heats the adsorptive element (81, 82) while simul- 
taneously the rest of the second air stream flows through 
the humidity control passageway (85), thereby prevent- 
ing the adsorptive element (81, 82) from undergoing a 
temperature fall during regeneration. Hereby, it becomes 
possible to assure that a sufficient level of the amount of 
regeneration is maintained, and that the amount of ad- 
sorption is also prevented from decreasing. 
[0227] Furthermore, also in the present variational ex- 
ample, it is arranged such that, when performing a batch 
running operation in the humidity control device provided 
with the first adsorptive element (81) and the second ad- 



sorptive element (82), a cooling/adsorption operating 
mode is conducted in one of the adsorptive elements (81 , 
82) while simultaneously a heating/regeneration operat- 
ing mode is conducted in the other of the adsorptive el- 
5 ements (81 , 82). This makes it possible to accomplish 
improvement in both adsorptive capability and regener- 
ative capability, thereby accomplishing improvement in 
total device performance. 

10 VARIATIONAL EXAMPLE 2 

[0228] As shown in Figure 1 9, a second variational ex- 
ample is an example of the humidity control device of the 
second embodiment with the addition of a refrigerant cir- 
15 cuit. 

[0229] The refrigerant circuit is provided with, in addi- 
tion to the regeneration heat exchanger (72), a first heat 
exchanger (73), a second heat exchanger (74), a com- 
pressor (71), and an expansion valve (not shown). In the 

20 refrigerant circuit charged with a refrigerant, the refriger- 
ant is circulated, thereby to perform a refrigeration cycle. 
Additionally, the refrigerant circuit is configured, such that 
its operation selectively switches between the operation 
in which the first heat exchanger (73) operates as an 

25 evaporator and the operation in which the second heat 
exchanger (74) operates as an evaporator. 
[0230] In the present variational example, the regen- 
eration heat exchanger (72) is not a heat exchanger 
through which heated water flows but a heat exchanger 

30 through which refrigerant flows, and a stream of air flow- 
ing through the central flow passage (57) is heated by 
heat exchange with the refrigerant of the refrigerant cir- 
cuit. 

[0231 ] In addition, the compressor (71 ) is disposed in 

35 a space defined between the air discharge chamber (41 ) 
and the air supply chamber (42). 
[0232] In addition to the air discharge fan (96), the sec- 
ond heat exchanger (74) is disposed in the air discharge 
chamber (41). During the humidification operating mode, 

40 the refrigerant is distributed through the second heat ex- 
changer (74), wherein a process-air stream flowing in the 
direction of the air discharge fan (96) is cooled by being 
subjected to heat exchange with the refrigerant of the 
refrigerant circuit On the other hand, during the dehu- 

45 midification operating mode, the second heat exchanger 
(74) is stopped, in other word the second heat exchanger 
(74) neither heats nor cools process air. 
[0233] In addition to the air supply fan (95), the first 
heat exchanger (73) is disposed in the air supply cham- 

50 ber (42). During the dehumidification operating mode, 
the refrigerant is distributed through the first heat ex- 
changer (73), wherein an air stream to be treated flowing 
in the direction of the air supply fan (95) is cooled by 
being subjected heat exchange with the refrigerant of the 

55 refrigerant circuit. On the other hand, during the humid- 
ification operating mode, the first heat exchanger (73) is 
stopped, in other words the first heat exchanger (73) nei- 
ther heats nor cools air to be treated. 
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[0234] In the second variational example, during the 
dehumidification operating mode, outside air (OA) intro- 
duced into the casing (10) via the outdoor side suction 
opening (15) is dehumidified in the adsorptive element 
(81 , 82) when flowing in the casing (10) as illustrated in 
Figures 14 and 15. Then, the first air stream enters the 
air supply chamber (42). After the entrance into the air 
supply chamber (42), the first air stream is cooled as a 
result of heat exchange with the refrigerant in the first 
heat exchanger (73). Thereafter, the first air stream is 
supplied into the room via the air supply opening (14) by 
the air supply fan (95). 

[0235] On the other hand, room air (RA) introduced 
into the casing (10) via the indoor side suction opening 
(13) regenerates the adsorptive element (81, 82) when 
flowing in the casing (1 0) as Illustrated in Figures 14 and 
15. Then, the second air stream enters the air discharge 
chamber. After the entrance into the air discharge cham- 
ber (41 ), the second air stream passes through the sec- 
ond heat exchanger (74), and is discharged to outside 
the room via the air discharge opening (16) by the air 
discharge fan (96). At that time, the second heat ex- 
changer (74) is stopped, so that the second air stream 
is neither heated nor cooled. 

[0236] In addition, during the humidification operating 
mode, outdoor air (OA) introduced into the casing via the 
outdoor side suction opening (15) is humidified in the 
adsorptive element (81, 82) when flowing in the casing 
(10) as illustrated in Figures 16 and 17. Then, the second 
air stream enters the air supply chamber (42). After the 
entrance into the air supply chamber (42), the second air 
stream passes through the first heat exchanger (73), and 
is supplied into the room via the air supply opening (14) 
by the air supply fan (95). 

[0237] On the other hand, room air (OA) introduced 
into the casing (10) via the indoor side suction opening 
(13) is dehumidified in the adsorptive element (81, 82) 
when flowing in the casing (10) as indicated in Figures 
1 6 and 1 7, and then flows into the air discharge chamber 
(41). After the entrance into the air discharge chamber 
(41), the first air stream is cooled as a result of heat ex- 
change with the refrigerant in the second heat exchanger 
(74). Then, the first air stream is discharged to outside 
the room via the air discharge opening (16) by the air 
discharge fan (96). 

[0238] Also in the second variational example, during 
regeneration of the adsorptive element (81, 82), the ad- 
sorptive element (81 , 82) is heated by a heatingfiuid (i.e., 
a second air stream) flowing through the auxiliary pas- 
sageway (86). Consequently, the adsorptive element 
(81 , 82) is maintained at high temperature, thereby mak- 
ing it possible to increase the amount of release moisture 
(the amount of regeneration) more than is conventionally 
achieved. Accordingly, it becomes possible to increase 
also the amount of adsorption the next time the adsorp- 
tive element (81, 82) adsorbs moisture in a first air 
stream, and the device performance is enhanced. 
[0239] In addition, It may be arranged such that, at the 



time of regeneration of the adsorptive element (81, 82), 
all of a second air stream of high temperature for regen- 
eration of the adsorptive element (81 , 82) flows, as a 
heating fluid, through the auxiliary passageway (86), 

5 heats the adsorptive element (81 , 82), and flows through 
the humidity control passageway (85), as in the second 
embodiment of Figure 13. Alternatively, it may be ar- 
ranged such that a part of a second air stream prior to 
its passage through the humidity control passageway 

10 (85) flows, as a heating fluid, through the auxiliary pas- 
sageway (86), heats the adsorptive element (81, 82), 
joins the rest of the second air stream, and flows through 
the humidity control passageway (85), as in the first var- 
iational example of Figure 18. These arrangements as- 

15 sure that the adsorptive element (81 , 82) is prevented 
from undergoing a temperature fall during regeneration, 
and that a sufficient level of the amount of regeneration 
is maintained. 

20 THIRD EMBODIMENTOFTHE PRESENT INVENTION 

CONFIGURATION OF HUMIDITY CONTROL DEVICE 

[0240] With reference to Figure 20, there is shown a 
25 humidity control device (3) according to a third embodi- 
ment of the present invention. The humidity control de- 
vice (3) is provided with a somewhat flat, rectangular par- 
allelepiped-shaped casing (100), an outdoor side suction 
opening (115) through which outside air is drawn in, an 
30 air supply opening (114) through which air is blown out 
into the room, an indoor side suction opening (113) 
through which room air is drawn in, and an air discharge 
opening (116) through which air is blown out to outside 
the room. 

35 [0241] As shown in Figure 21, the casing (100) con- 
tains therein a first adsorptive element (81) and a second 
adsorptive element (82). The first and second adsorptive 
elements (81, 82) of the present embodiment are each 
configured in the same way that the adsorptive elements 

40 (81 , 82) in each of the first and second embodiments are 
configured (see Figure 2). In addition, the casing (100) 
further contains therein a regeneration heat exchanger 
(72), a first auxiliary heat exchanger (78), and a second 
auxiliary heat exchanger (79). These heat exchangers 

45 (72, 78, 79) are disposed in a refrigerant circuit (de- 
scribed later) and are configured so as to allow refrigerant 
to flow therethrough. 

[0242] Referring still to Figure 21 , in the casing (1 00), 
an outdoor side panel (1 1 1 ) is positioned on the f rontmost 

50 side, and an indoor side panel (1 1 2) is positioned on the 
backmost side. The outdoor side suction opening (115) 
is formed adjacent to the left periphery of the outdoor 
side panel (111). The air discharge opening (116) is 
formed adjacent to the right periphery of the outdoor side 

55 panel (111). The air supply opening (114) is formed ad- 
jacent to the left periphery of the indoor side panel (1 1 2). 
The indoor side suction opening (113) is formed adjacent 
to the right periphery of the indoor side panel (112). 
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[0243] Disposed, sequentially from the front to the 
back side, within the casing (1 00) are a first partition plate 
(1 20), a second partition plate (1 30), a third partition plate 
(140), and a fourth partition plate (150). The interior 
space of the casing (1 00) is partitioned, by these partition 
plates (120, 130, 140, 150), in front-to-rear direction. 
[0244] The space defined between the outdoor side 
panel (111) and the first partition plate (120) is divided 
into an outdoor side upper space (161) and an outdoor 
side lower space (162). The outdoor side upper space 
(161) is brought into fluid communication with an outdoor 
space through the air discharge opening (1 1 6). The out- 
door side lower space (162) is brought into fluid commu- 
nication with an outdoor space through the outdoor side 
suction opening (1 1 5). Arranged adjacent to the right pe- 
riphery of the outdoor side upper space (161) is an air 
discharge fan (96). 

[0245] The space defined between the first partition 
plate (120) and the second partition plate (130) is se- 
quentially divided from the left to the right side into a left 
peripheral space (171), a left side central space (172), a 
right side central space (173), and a right peripheral 
space (1 74). 

[0246] Formed in the first partition plate (120) are a 
right side opening (121), a left side opening (122), an 
upper right opening (123), a lower right opening (124), 
an upper left opening (125), and a lower left opening 
(126). Each ofthese openings (121 -126) is provided with 
a respective opening/closing shutter and is configured 
such that it can freely be placed in the open or closed 
state. 

[0247] The upper left opening (125) allows fluid com- 
munication between the outdoor side upper space (161) 
and the left side central space (172). The upper right 
opening (123) allows fluid communication between the 
outdoor side upper space (161) and the right side central 
space (1 73). The left side opening (1 22) allows fluid com- 
munication between the outdoor side lower space (162) 
and the left peripheral space (1 71 ). The lower left opening 
(126) allows fluid communication between the outdoor 
side lower space (162) and the left side central space 
(172). The lower right opening (124) allows fluid commu- 
nication between the outdoor side lower space (1 62) and 
the right side central space (173). The right side opening 
(121) allows fluid communication between the outdoor 
side lower space (162) and the right peripheral space 
(174). 

[0248] Likewise, formed in the second partition plate 
(130) are a right side opening (131), a left side opening 
(132), an upper right opening (133), a lower right opening 
(134), an upper left opening (135), and a lower left open- 
ing (136). The upper left opening (135), the lower left 
opening (136), the upper right opening (133), and the 
lower right opening (134) are each provided with a re- 
spective opening/closing shutter and is configured such 
that it can freely be placed in the open or closed state. 
[0249] Disposed between the second partition plate 
(130) and the third partition plate (140) are the first ad- 



sorptive element (81 ) and the second adsorptive element 
(82). The adsorptive elements (81 , 82) are arranged such 
that they lie laterally side by side at a specific distance 
apart from each other. More specifically, the first adsorp- 
5 tive element (81) is positioned to the right while on the 
other hand the second adsorptive element (82) is posi- 
tioned to the left. 

[0250] The first and second adsorptive elements (81 , 
82) are arranged in such orientation that the direction in 

10 which the flat plate members (83) and the corrugated 
plate members (84) are stacked one upon the other (the 
direction extending from thefrontto the backside) agrees 
with the longitudinal direction of the casing (100), and 
that the direction in which the flat and corrugated plate 

is members (83, 84) of the first adsorptive element (81 ) are 
stacked together is in parallel with the direction in which 
the flat and corrugated plate members (83, 84) of the 
second adsorptive element (82) are stacked together. 
Furthermore, each adsorptive element (81, 82) is ar- 

20 ranged in such orientation that: the right and left side 
surfaces are substantially in parallel with the side plates 
of the casing (100), respectively; the upper and lower 
surfaces are substantially in parallel with the top and bot- 
tom plates of the casing (1 00), respectively; and the back 

25 and front end surfaces are substantially in parallel with 
the outdoor and indoor side panels (111,112), respec- 
tively. 

[0251] The first auxiliary heat exchanger (78) is dis- 
posed on the lower surface of the first adsorptive element 

30 (81). The second auxiliary heat exchanger (79) is dis- 
posed on the lower surface of the second adsorptive el- 
ement (82). The first auxiliary heat exchanger (78) and 
the second auxiliary heat exchanger (79) are fin and tube 
heat exchangers of the so-called cross fin type, and are 

35 configured such that they serve not only as a cooler for 
cooling a first air stream but also as an auxiliary heater 
for heating a second air stream. 
[0252] Each adsorptive element (81, 82) positioned 
within the casing (1 00) has right and left side surfaces at 

40 which the auxiliary passageway (86) opens. In other 
words, one side surface that opens to the auxiliary pas- 
sageway (86) in the first adsorptive element (81 ) and one 
side surface that opens to the auxiliary passageway (86) 
in the second adsorptive element (82) are situated face 

45 to face with each other. 

[0253] The space defined between the second parti- 
tion plate (130) and the third partition plate (140) is di- 
vided into a right side flow passage (1 81), a left side flow 
passage (1 82), an upper rightf low passage (1 83), a lower 

so right flow passage (184), an upper left flow passage 
(1 85), a lower left flow passage (1 86), and a central flow 
passage (187). 

[0254] The right side flow passage (181) is formed on 
the right side of the first adsorptive element (81) and is 
55 in fluid communication with the auxiliary passageway 
(86) of the first adsorptive element (81). On the other 
hand, the left side flow passage (182) is formed on the 
left side of the second adsorptive element (82) and is in 
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fluid communication with the auxiliary passageway (86) 
of the second adsorptive element (82). 
[0255] The upper right flow passage (183) is formed 
on the upper side of the first adsorptive element (81 ) and 
is in fluid communication with the humidity control pas- 
sageway (85) of the first adsorptive element (81). The 
lower right flow passage (184) is formed on the lower 
side of the first adsorptive element (81) (to be exact, on 
the lower side of the first auxiliary heat exchanger (78)) 
and is in fluid communication with the humidity control 
passageway (85) of the first adsorptive element (81 ). The 
upper left flow passage (1 85) is formed on the upper side 
of the second adsorptive element (82) and is in fluid com- 
munication with the humidity control passageway (85) of 
the second adsorptive element (82). The lower left flow 
passage (186) is formed on the lower side of the second 
adsorptive element (82) (to be exact, on the lower side 
of the second auxiliary heat exchanger (79)) and is in 
fluid communication with the humidity control passage- 
way (85) of the second adsorptive element (82). 
[0256] The central flow passage (187) is formed be- 
tween the first adsorptive element (81) and the second 
adsorptive element (82) and is in fluid communication 
with the auxiliary passageway (86) of each of the adsorp- 
tive elements (81, 82). The central flow passage (187) 
has a flow-passage cross section shaped like an octagon 
as appeared in Figure 20. 

[0257] The left side opening (132) of the second par- 
tition plate (1 30) allows fluid communication between the 
left peripheral space (1 71 ) and the left side flow passage 
(182). The right side opening (131) allows fluid commu- 
nication between the right peripheral space (174) and 
the right side flow passage (181). The upper left opening 
(135) allows fluid communication between the left side 
central space (1 72) and the upper left flow passage (1 85). 
The lower left opening (136) allows fluid communication 
between the left side central space (172) and the lower 
left flow passage (186). The upper right opening (133) 
allows fluid communication between the right side central 
space (1 73) and the upper right flow passage (1 83). The 
lower right opening (1 34) allows fluid communication be- 
tween the right side central space (173) and the lower 
right flow passage (184). 

[0258] The regeneration heat exchanger (72) is a fin 
and tube heat exchanger of the so-called cross fin type 
and is configured such that the regeneration heat ex- 
changer (72) heats a stream of air flowing through the 
central flow passage (187). The regeneration heat ex- 
changer (72) is disposed in the central flow passage 
(187). Stated another way, the regeneration heat ex- 
changer (72) lies between the first adsorptive element 
(81) and the second adsorptive element (82) which are 
arranged side by side in lateral direction. Additionally, 
the regeneration heat exchanger (72) is disposed in a 
substantially upright position, such that the central flow 
passage (187) is separated into right and left. 
[0259] Disposed between the first adsorptive element 
(81) and the regeneration heat exchanger (72) is a right 



side partition plate (191) as a partition between the right 
side portion of the regeneration heat exchanger (72) in 
the central flow passage (187) and the upper right flow 
passage (183). On the other hand, disposed between 
5 the second adsorptive element (82) and the regeneration 
heat exchanger (72) is a left side partition plate (192) as 
a partition between the left side portion of the regenera- 
tion heat exchanger(72) in the central flow passage (187) 
and the upper left flow passage (1 85). 
10 [0260] A lower right shutter (193) is provided which 
opens or closes fluid communication between the right 
side flow passage (1 81 ) and the lower right flow passage 
(1 84). A lower left shutter (194) is provided which opens 
or closes fluid communication between the left side flow 
15 passage (1 82) and the lower left flow passage (1 86). 
[0261] The third partition plate (140) is configured in 
the same way that the second partition plate (130) is 
configured. Formed in the third partition plate (140) are 
a right side opening (141), a left side opening (142), an 
20 upper right opening (143), and a lower right opening 
(144), an upper left opening (145), and a lower left open- 
ing (146). The upper left opening (145), the lower left 
opening (1 46), the upper right opening (1 43) and the low- 
er right opening (144) are each provided with a respective 
25 opening/closing shutter and is configured such that it can 
freely be placed in the open or closed state. 
[0262] The space defined between the third partition 
plate (140) and the fourth partition plate (150) is divided, 
sequentially from the left to the right side, into a left pe- 
so ripheral space (176), a left side central space (177), a 
right side central space (178), and a right peripheral 
space (179). 

[0263] The left side opening (1 42) allows fluid commu- 
nication between the left side flow passage (1 82) and the 

35 left peripheral space (1 76). The right side opening (1 41 ) 
allows fluid communication between the right side flow 
passage (181) and the right peripheral space (179). The 
upper left opening (145) allows fluid communication be- 
tween the upper left flow passage (185) and the left side 

40 central space (177). The lower left opening (146) allows 
fluid communication between the lower left flow passage 
(186) and the left side central space (177). The upper 
right opening (143) allows fluid communication between 
the upper right flow passage (1 83) and the right side cen- 

45 tral space (178). The lower right opening (144) allows 
fluid communication between the lower right flow pas- 
sage (184) and the right side central space (178). 
[0264] The space defined between the fourth partition 
plate (1 50) and the indoor side panel (1 1 2) is divided into 

50 an indoor side upper space (166) and an indoor side 
lower space (1 67). The indoor side upper space (1 66) is 
in fluid communication with an indoor space through the 
air supply opening (114). The indoor side lower space 
(167) is in fluid communication with the indoor space 

55 through the indoor side suction opening (113). The air 
supply fan (95) is disposed to the left periphery of the 
indoor side upper space (166). 

[0265] The fourth partition plate (1 50) is configured in 
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the same way that the first partition plate (120) is config- 
ured. Formed in the fourth partition plate (1 50) are a right 
side opening (151), a left side opening (152), an upper 
right opening (153), a lower right opening (154), an upper 
left opening (155), and a lower left opening (156). These 
openings (151-156) are each provided with a respective 
opening/closing shutter and is configured such that it can 
freely be placed in the open or closed state. 
[0266] The left side opening (1 52) allows fluid commu- 
nication between the left peripheral space (176) and the 
indoor side lower space (167). The lower left opening 
(156) allows fluid communication between the left side 
central space (177) and the indoor side lower space 
(1 67). The lower right opening (1 54) allows fluid commu- 
nication between the right side central space (178) and 
the indoor side lower space (167). The right side opening 
(151) allows fluid communication between the right pe- 
ripheral space (179) and the indoor side lower space 
(167). The upper left opening (155) allows fluid commu- 
nication between the left side central space (177) and 
the indoor side upper space (166). The upper right open- 
ing (153) allows fluid communication between the right 
side central space (178) and the indoor side upper space 
(166). 

CONFIGURATION OF THE REFRIGERANT CIRCUIT 

[0267] The refrigerant circuit (70) is configured as 
shown in Figure 23. 

[0268] The refrigerant circuit (70) is made up of a com- 
pressor (71), a regeneration heat exchanger (72), a first 
auxiliary heat exchanger (78), a second auxiliary heat 
exchanger (79), an expansion valve (75), a four-way 
switching valve (76), and a direction controlling circuit 
(77). 

[0269] The direction controlling circuit (77) is a bridge 
circuit which is a combination of four check valves (CV1 - 
CV4), and has four connection ends (C1-C4). Provided 
in the bridge circuit (77) are a first check valve (CV1) 
which allows only the flow of refrigerant from the first 
connection end (C1) towards the third connection end 
(C3), a second check valve (CV2) which allows only the 
flow of refrigerant from the second connection end (C2) 
towards the third connection end (C3), athird check valve 
(CV3) which allows only the flow of refrigerant from the 
fourth connection end (C4) towards the first connection 
end (C1), and a fourth check valve (CV4) which allows 
only the flow of refrigerant from the fourth connection end 
(C4) towards the second connection end (C2). 
[0270] In the refrigerant circuit (70), the discharge side 
of the compressor (71) is connected to a first port (P1) 
of the four-way switching valve (76), and a second port 
(P2) of the four-way switching valve (76) is connected, 
through the first auxiliary heat exchanger (78), to the first 
connection end (C1) of the bridge circuit (77). The third 
connection end (C3) of the bridge circuit (77) is connect- 
ed, through the regeneration heat exchanger (72) and 
the expansion valve (75), to the fourth connection end 



(C4) of the bridge circuit (77). The second connection 
end (C2) of the bridge circuit (77) is connected, through 
the second auxiliary heat exchanger (79), to a third port 
(P3) of the four-way switching valve (76), and a fourth 
5 port (P4) of the four-way switching valve (76) is connect- 
ed to the suction side of the compressor (71). 
[0271 ] The four-way switching valve (76) is configured 
such that it can selectively change state between a first 
state in which the first and second ports (Pi, P2) are in 
10 fluid communication while the third and fourth ports (P3, 
P4) are in fluid communication, and a second state in 
which the first and third ports (P1 , P3) are in fluid com- 
munication while the second and fourth ports (P2, P4) 
are in fluid communication. 
is [0272] In the refrigerant circuit (70), when the four-way 
switching valve (76) changes state to the first state, re- 
frigerant discharged from the compressor (71) passes 
through the first auxiliary heat exchanger (78), the first 
check valve (CV1), the regeneration heat exchanger 
20 (72), the expansion valve (75), the fourth check valve 
(CV4), and the second auxiliary heat exchanger (79), 
and is drawn into the compressor (71 ). Such a circulation 
is repeatedly carried out. At this time, the first auxiliary 
heat exchanger (78) and the regeneration heat exchang- 
es er (72) serve as a condenser while on the other hand the 
second auxiliary heat exchanger (79) serves as an evap- 
orator. 

[0273] On the other hand, when the four-way switching 
valve (76) changes state to the second state, refrigerant 
30 discharged from the compressor (71 ) passes through the 
second auxiliary heat exchanger (79), the second check 
valve (CV2), the regeneration heat exchanger (72), the 
expansion valve (75), the third check valve (CV3), and 
the first auxiliary heat exchanger (78), and is drawn into 
the compressor (71). Such a circulation is repeatedly car- 
ried out. At this time, the second auxiliary heat exchanger 
(79) and the regeneration heat exchanger (72) serve as 
a condenser while on the other hand the first auxiliary 
heat exchanger (78) serves as an evaporator. 

RUNNING OPERATION OFTHE HUMIDITY CONTROL 
DEVICE 

DEHUMIDIFICATION OPERATION 

[0274] Next, the running operation of the humidity con- 
trol device (3) is described. The humidity control device 
(3) alternately repeatedly performs a first operation (see 
Figure 21) in which the process of adsorption occurs in 
the first adsorptive element (81) while the process of re- 
generation occurs in the second adsorptive element (82), 
and a second operation (see Figure 22) in which the proc- 
ess of adsorption occurs in the second adsorptive ele- 
ment (82) while the process of regeneration occurs in the 
first adsorptive element (81). In other words, the humidity 
control device (3) performs a so-called batch operation. 
The humidity control device (3) continuously provides 
room dehumidification by alternately repeatedly pert orm- 
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ing the first operation and the second operation. 
FIRST OPERATION 

[0275] Referring first to Figure 21, the first operation 
is described. As will be described below, in the first op- 
eration, the process of adsorption in the first adsorptive 
element (81 ) is carried out simultaneously with the proc- 
ess of regeneration in the second adsorptive element 
(82). 

[0276] In the first partition plate (120), the lower right 
opening (124) andthe upper left opening (125) are placed 
in the open state while on the other hand the right side 
opening (121), the upper right opening (123), the lower 
left opening (126), and the left side opening (122) are 
placed in the closed state. In the second partition plate 
(130), the lower right opening (134) and the lower left 
opening (1 36) are placed in the closed state while on the 
other hand the upper right opening (133) and the upper 
left opening (135) are placed in the open state. The right 
side opening (131) and the left side opening (132) are 
placed in the open state. In the third partition plate (1 40), 
the lower right opening (144) is placed in the open state 
while on the other hand the upper right opening (143), 
the upper left opening (145), and the lower left opening 
(146) are placed in the closed state. The right side open- 
ing (141) and the left side opening (142) are placed in 
the open state. In the fourth partition plate (150), the up- 
per right opening (153) and the right side opening (151) 
are placed in the open state while on the other hand the 
lower right opening (154), the upper left opening (155), 
the lower left opening (156), and the left side opening 

(152) are placed in the closed state. 

[0277] Outside air (hereinafter referred to as the first 
air stream) taken in through the outdoor side suction 
opening (115) passes through the outdoor side lower 
space (162), the lower right opening (124) of the first 
partition plate (120), the right side central space (173), 
and the upper right opening (1 33) of the second partition 
plate (130) in that order, and is introduced into the upper 
right flow passage (183). 

[0278] The first air stream introduced into the upper 
right flow passage (1 83) passes downwardly through the 
humidity control passageway (85) of the first adsorptive 
element (81) and the first auxiliary heat exchanger (78) 
and flows into the lower right flow passage (1 84). At that 
time, as shown in Figure 24(A), the first air stream is 
dehumidified as a result of moisture adsorption by the 
first adsorptive element (81) and, at the same time, is 
cooled by the first auxiliary heat exchanger (as a cooler) 
(78) which is serving as an evaporator. 
[0279] After the entrance into the lower right flow pas- 
sage (184), the first air stream passes through the lower 
right opening (144) of the third partition plate (140), the 
right side central space (178), the upper right opening 

(153) of the fourth partition plate (150), and the indoor 
side upper space (166) in that order. And, the first air 
stream is supplied into the room via the airsupply opening 



(114). 

[0280] On the other hand, room air (hereinafter re- 
ferred to as the second air stream) taken in through the 
indoor side suction opening (113) passes through the 

5 indoor side lower space (167), the right side opening 
(151) of the fourth partition plate (150), the right periph- 
eral space (179), the right side opening (141) of the third 
partition plate (140) in that order, and is introduced into 
the right side flow passage (181). 

10 [0281] The second air stream introduced into the right 
side flow passage (181 ) flows into the auxiliary passage- 
way (86) of the first adsorptive element (81). During the 
flow through the auxiliary passageway (86), the second 
air stream absorbs heat of adsorption generated when 

is water vapors are adsorbed on the adsorbent in the hu- 
midity control passageway (85). in other words, the sec- 
ond air stream flows, as a cooling fluid, through the aux- 
iliary passageway (86) and cools the first adsorptive el- 
ement (81). After the passage through the auxiliary pas- 

20 sageway (86), the second air stream passes through the 
regeneration heat exchanger (72). At that time, in the 
regeneration heat exchanger (72), the second air stream 
is heated as a result of heat exchange with the refrigerant. 
Thereafter, the second air stream flows into the auxiliary 

25 passageway (86) of the second adsorptive element (82) 
by way of the central flow passage (187) and heats the 
second adsorptive element (82). 
[0282] After the passage through the auxiliary pas- 
sageway (86) of the second adsorptive element (82), the 

30 second air stream flows out to the left side flow passage 
(182) from which the second air stream flows, through 
the opening of the lower left shutter (1 94), into the lower 
left flow passage (186). During the passage through the 
second auxiliary heat exchanger (79) as an auxiliary 

35 heater, the second air stream is heated as a result of 
heat exchange with the refrigerant of the refrigerant cir- 
cuit (70). 

[0283] The second air stream thus heated is intro- 
duced into the humidity control passageway (85) of the 

40 second adsorptive element (82), passes upwardly 
through the humidity control passageway (85), and flows 
into the upper left flow passage (185). In the humidity 
control passageway (85), the adsorbent is heated by the 
second air stream and, as a result, water vapors are de- 

45 sorbed from the adsorbent. In other words, the second 
adsorptive element (82) is regenerated. 
[0284] After the entrance into the upper left flow pas- 
sage (185), the second air stream flows through the up- 
per left opening (135) of the second partition plate (130), 

so the left side central space (172), the upper left opening 
(125) of the first partition plate (120), and the outdoor 
side upper space (161) in that order, and is discharged 
to outside the room via the air discharge opening (116). 
[0285] After continuing the above-described first oper- 

55 ation for a predetermined length of time, the following 
second operation is started. With reference to Figure 22, 
the second operation is described. 
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SECOND OPERATION 

[0286] Contrary to the first operation, in the second 
operation, the process of adsorption in the second ad- 
sorptive element (82) is performed simultaneously with 
the process of regeneration in thef irst adsorptive element 
(81). 

[0287] As shown in Figure 22, in the first partition plate 
(120), the upper right opening (123) and the lower left 
opening (126) are placed in the open state while on the 
other hand the right side opening (121), the lower right 
opening (124), the upper left opening (125), and the left 
side opening (122) are placed in the closed state. In the 
second partition plate (130), the lower right opening (134) 
and the lower left opening (1 36) are placed in the closed 
state while on the other hand the upper right opening 
(133) and the upper left opening (135) are placed in the 
open state. The right side opening (131) and the left side 
opening (132) are placed in the open state. In the third 
partition plate (1 40), the lower left opening (1 46) is placed 
in the open state while on the other hand the upper left 
opening (145), the upper right opening (143), and the 
lower right opening (144) are placed in the closed state. 
The right side opening (141) and the left side opening 
(142) are placed in the open state. In the fourth partition 
plate (150), the upper left opening (155) and the left side 
opening (152) are placed in the open state while on the 
other hand the lower left opening (156), the upper right 
opening (153), the lower right opening (154), and the 
right side opening (151) are placed in the closed state. 
[0288] Outside air (hereinafter referred to as the first 
air stream) drawn in through the outdoor side suction 
opening (115) passes through the outdoor side lower 
space (162), the lower left opening (126) of the first par- 
tition plate (120), the left side central space (172), and 
the upper left opening (135) of the second partition plate 
(130) in that order, and is introduced into the upper left 
flow passage (185). 

[0289] The first air stream introduced into the upper 
left flow passage (185) passes downwardly through the 
humidity control passageway (85) of the second adsorp- 
tive element (82) and the second auxiliary heat exchang- 
er (79) and flows into the lower left flow passage (186). 
At that time, as also shown in Figure 24(B), the first air 
stream is dehumidified as a result of moisture adsorption 
by the second adsorptive element (82) and, at the same 
time, is cooled by the second auxiliary heat exchanger 
(cooler) (79) which is serving as an evaporator. 
[0290] After the entrance into the lower left flow pas- 
sage (186), the first air stream passes through the lower 
left opening (146) of the third partition plate (140), the 
left side central space (1 77), the upper left opening (1 55) 
of the fourth partition plate (150), and the indoor side 
upper space (166) in that order. And, the first air stream 
is supplied into the room via the air supply opening (1 1 4). 
[0291] On the other hand, room air (hereinafter re- 
ferred to as the second air stream) drawn in through the 
indoor side suction opening (113) passes through the 



indoorside lower space (167), the leftside opening (152) 
of thefourth partition plate (150), the left peripheral space 
(176), the left side opening (142) of the third partition 
plate (140) in that order, and is introduced into the left 
5 side flow passage (1 82). 

[0292] The second air stream introduced into the left 
side flow passage (182) flows into the auxiliary passage- 
way (86) of the second adsorptive element (82). During 
the flow through the auxiliary passageway (86), the sec- 
10 ond air stream absorbs heat of adsorption generated 
when water vapors are adsorbed on the adsorbent in the 
humidity control passageway (85). In other words, the 
second air stream flows, as a cooling fluid, through the 
auxiliary passageway (86) and cools the second adsorp- 
15 five element (82). After the passage through the auxiliary 
passageway (86), the second air stream next passes 
through the regeneration heat exchanger (72). At that 
time, in the regeneration heat exchanger (72), the second 
air stream is heated as a result of heat exchange with 

20 the refrigerant. Thereafter, the second air stream flows 
into the auxiliary passageway (86) of the first adsorptive 
element (81) by way of the central flow passage (187) 
and heats the first adsorptive element (81). 
[0293] After the passage through the auxiliary pas- 

25 sageway (86) of the first adsorptive element (81), the 
second air stream flows out to the right side flow passage 
(181) from which the second air stream flows, through 
the opening of the lower right shutter (193), into the lower 
right flow passage (1 84). During the passage through the 

30 first auxiliary heat exchanger (auxiliary heater) (78), the 
second air stream is heated as a result of heat exchange 
with the refrigerant of the refrigerant circuit (70). 
[0294] The second air stream thus heated is intro- 
duced into the humidity control passageway (85) of the 

35 first adsorptive element (81), passes upwardly through 
the humidity control passageway (85), and flows into the 
upper right flow passage (183). In the humidity control 
passageway (85), the adsorbent is heated by the second 
air stream and, as a result, water vapors are desorbed 

^0 from the adsorbent. In other words, the first adsorptive 
element (81) is regenerated. 

[0295] After the entrance into the upper right flow pas- 
sage (183), the second air stream flows through the up- 
per right opening (1 33) of the second partition plate (1 30), 
45 the right side central space (1 73), the upper right opening 
(123) of the first partition plate (120), and the outdoor 
side upper space (161) in that order, and is discharged 
to outside the room via the air discharge opening (116). 

50 HUMIDIFICATION OPERATION 

[0296] In the humidity control device (3), also during 
the humidification operating mode, the first and second 
operations are alternately repeatedly carried out to per- 
55 form a batch operation. 

[0297] The state of the shutter of each of the openings 
and the flow of air streams are not described in detail 
here. It should, however, be noted that, in the first oper- 
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ation, outside airflows, as a second air stream, through 
the auxiliary passageway (86) of the second adsorptive 
element (82), the regeneration heat exchanger (72), the 
auxiliary passageway (86) of the first adsorptive element 

(81) , the first auxiliary heat exchanger (78), and the hu- 
midity control passageway (85) of the first adsorptive el- 
ement (81) in that order, is humidified/heated, and is then 
supplied into the room, as shown in Figure 25. On the 
other hand, room airflows, as a first air stream, through 
the humidity control passageway (85) of the second ad- 
sorptive element (82), releases moisture to the second 
adsorptive element (82), and is then discharged to out- 
side the room. 

[0298] In addition, in the second operation, outside air 
flows, as a second air stream, through the auxiliary pas- 
sageway (86) of the first adsorptive element (81), the 
regeneration heat exchanger (72), the auxiliary passage- 
way (86) of the second adsorptive element (82), the sec- 
ond auxiliary heat exchanger (79), and the humidity con- 
trol passageway (85) of the second adsorptive element 

(82) in that order, is humidified/heated, and is then sup- 
plied into the room, as shown in Figure 26. On the other 
hand, room air flows, as a first air stream, through the 
humidity control passageway (85) of the first adsorptive 
element (81), releases moisture to the first adsorptive 
element (81 ), and is then discharged to outside the room. 

EFFECTS OF THE THIRD EMBODIMENT 

[0299] Also inthethirdembodiment, itis arrangedsuch 
that, after a stream of air heated in the regeneration heat 
exchanger (72) is passed through the auxiliary passage- 
way (86) of the adsorptive element (81 , 82), the air stream 
is further heated either in the first auxiliary heat exchang- 
er (78) or in the second auxiliary heat exchanger (79) 
and is made to flow through the humidity control pas- 
sageway (85) so that the adsorptive element (81, 82) is 
regenerated/Consequently, the adsorptive element (81 , 
82) is maintained at high temperature, thereby making it 
possible to increase the amount of release moisture (the 
amount of regeneration) more than is conventionally 
achieved. Accordingly, it becomes possible to increase 
also the amount of adsorption the next time the adsorp- 
tive element (81, 82) adsorbs moisture in a first air 
stream, thereby accomplishing improvement in device 
performance. 

[0300] In addition, it is arranged such that a second air 
stream before regeneration flows, as a cooling fluid, 
through the auxiliary passageway (86) of the adsorptive 
element (81, 82) under adsorption. As a result of such 
arrangement, heat of adsorption generated as a result 
of moisture adsorption can be absorbed by the cooling 
fluid. If no cooling fluid is made to flow, this causes the 
adsorptive element (81 , 82) to undergoing a temperature 
rise due to the heat of adsorption and, as a result, the 
adsorption capability falls. It is, however, possible to pre- 
vent a drop in adsorption capability by the flowing of a 
cooling fluid. 



[0301] And, in the present embodiment, it is arranged 
such that, when performing a batch running operation in 
the humidity control device (3) provided with the first ad- 
sorptive element (81 ) and the second adsorptive element 

5 (82), a cooling/adsorption operating mode is conducted 
in one of the adsorptive elements (81 , 82) while simulta- 
neously a heating/regeneration operating mode is con- 
ducted in the other of the adsorptive elements (81 , 82). 
This makes it possible to accomplish improvement in 

10 both adsorptive capability and regenerative capability, 
thereby accomplishing improvement in total device per- 
formance. 

VARIATIONAL EXAMPLES 

15 

[0302] The refrigerant circuit (70) may be configured 
as shown in Figure 27 in the above-described embodi- 
ment. 

[0303] Like the example of Figure 23, the refrigerant 
20 circuit (70) of Figure 27 is made up of a compressor (71 ), 
a regeneration heat exchanger (72), a first auxiliary heat 
exchanger (78), a second auxiliary heat exchanger (79), 
an expansion valve (75), a four-way switching valve (76), 
and a direction controlling circuit (bridge circuit) (77). 
25 [0304] In the refrigerant circuit (70), the discharge side 
of the compressor (71) is connected, through the regen- 
eration heat exchanger (72), to the first port (P1) of the 
four-way switching valve (76), and the second port (P2) 
of the four-way switching valve (76) is connected, through 
30 the first auxiliary heat exchanger (78), to the first con- 
nection end (C1) of the bridge circuit (77). The third con- 
nection end (C3) of the bridge circuit (77) is connected, 
through the expansion valve (75), to the fourth connec- 
tion end (C4) of the bridge circuit (77). The second con- 
nection end (C2) of the bridge circuit (77) is connected, 
through the second auxiliary heat exchanger (79), to the 
third port (P3) of the four-way switching valve (76), and 
the fourth port (P4) of the four-way switching valve (76) 
is connected to the suction side of the compressor (71). 
[0305] In the refrigerant circuit (70), when the four-way 
switching valve (76) changes state to the first state, re- 
frigerant discharged from the compressor (71) passes 
through the regeneration heat exchanger (72), the first 
auxiliary heat exchanger (78), the first check valve (CV1 ), 
the expansion valve (75), the fourth check valve (CV4), 
and the second auxiliary heat exchanger (79), and is 
drawn into the compressor (71). Such a circulation is re- 
peatedly carried out. At this time, the regeneration heat 
exchanger (72) andthefirst auxiliary heat exchanger(78) 
serve as a condenser while on the other hand the second 
auxiliary heat exchanger (79) serves as an evaporator. 
[0306] On the other hand, when the four-way switching 
valve (76) changes state to the second state, refrigerant 
discharged from the compressor (71 ) passes through the 
regeneration heat exchanger (72), the second auxiliary 
heat exchanger (79), the second check valve (CV2), the 
expansion valve (75), the third check valve (CV3), and 
the first auxiliary heat exchanger (78), and is drawn into 
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the compressor (71). Such a circulation is repeatedly car- 
ried out. At this time, the regeneration heat exchanger 
(72) and the second auxiliary heat exchanger (79) serve 
as a condenser while on the other hand the first auxiliary 
heat exchanger (78) serves as an evaporator. 
[0307] Even such a configuration makes it possible to 
perform the same operation that the foregoing each ex- 
ample does because it is possible to perform a refriger- 
ation cycle by such arrangement that the regeneration 
heat exchanger (72) serves as a condenser and any one 
of the first auxiliary heat exchanger (78) and the second 
auxiliary heat exchanger (79) serves as a condenser 
(auxiliary heater) while the other serves as an evaporator 
(cooler). 

OTHER EMBODIMENTS 

[0308] With respect to the foregoing embodiments, the 
present invention may be configured as follows. 
[0309] For example, each of the foregoing embodi- 
ments employs, as a heat source for adsorptive-element 
regeneration, a hot-water heat exchanger or a refrigerant 
circuit's condenser (regeneration heat exchanger). Alter- 
natively, electric heaters may be employed. To sum up, 
it suffices if suitable equipment capable of providing heat- 
ing is selected and used. In addition, as a heat source 
for adsorptive-element cooling, a cold-water heat ex- 
changer may be used instead of a refrigerant circuit's 
evaporator. To sum up, it suffices if suitable equipment 
capable of providing cooling is selected and used. 
[0310] In each of the foregoing embodiments, the de- 
scription has been made in terms of a batch humidity 
control device provided with two adsorptive elements. 
Alternatively, the present invention is applicable to a hu- 
midity control device of the type which employs a rotor 
adsorptive element, wherein the process of adsorption 
is performed in a part of the rotor adsorptive element 
while the rest of the rotor adsorptive element is regener- 
ated. Further, the present invention is applicable to a hu- 
midity control device which is provided with only a single 
adsorptive element and which does not perform a batch 
running operation. 

[0311] Additionally in the second and third embodi- 
ments, it is arranged such that, when performing a batch 
running operation, a cooling/adsorption operating mode 
in which a cooling fluid flows through the auxiliary pas- 
sageway (86) of the adsorptive element (81 , 82) which 
adsorbs moisture in a first air stream is carried out simul- 
taneously with a heating/regeneration operating mode in 
which a heating fluid flows through the auxiliary passage- 
way (86) of the adsorptive element (81 , 82) which releas- 
es moisture to a second air stream. Alternatively, one of 
the cooling/adsorption operating mode and the heating/ 
regeneration operating mode may selectively be per- 
formed by air-passage switching. Also in this case, it is 
possible to accomplish improvement in either adsorptive 
capability or regenerative capability, thereby enhancing 
the device performance. 



[0312] Furthermore, in each of the foregoing embodi- 
ments, the description has been made in terms of the 
configuration of a humidity control device (the configura- 
tion of a so-called air ventilation fan device) in which the 
5 humidity of outside air is conditioned as a first air stream 
(or a second air stream) and is then supplied into the 
room while room air is discharged to outside the room 
as asecond air stream (or a first air stream). The humidity 
control device of the present invention is, however, ap- 

10 plicable to so-called air supply fan devices, air discharge 
fan devices, or air circulation fan devices. An air supply 
fan device uses outside air as a first air stream and as a 
second air stream in each of the foregoing embodiments. 
In this case, the humidity of outside air is controlled as a 

15 first air stream (or as a second air stream) and is then 
supplied into the room while outside air is used as a sec- 
ond air stream (or as a first air stream) and is then dis- 
charged again to outside the room. In addition, an air 
discharge fan device uses room air as a first air stream 

20 and as a second air stream in each of the foregoing em- 
bodiments. In this case, the humidity of room air is con- 
ditioned as a first air stream (or as a second air stream) 
and is then supplied again into the room while room air 
is used as a second air stream (or as first air stream) and 

25 is then discharged outside the room. Furthermore, an air 
circulation fan device reversely uses outside air and room 
air in each of the foregoing embodiments. In this case, 
the h umidity of room air is conditioned as a first air stream 
(or as a second air stream) and is then supplied again 

30 into the room while outside air is used as a second air 
stream (or as a first air stream) and is then discharged 
again to outside the room. 

INDUSTRIAL APPLICABILITY 

35 

[0313] As has been described above, the present in- 
vention is found useful when applied to humidity control 
devices which repeatedly perform moisture adsorption 
and regeneration in adsorptive elements. 



Claims 

1. A humidity control device which comprises an ad- 
45 sorptive element (81 , 82) having a humidity control 

passageway (85) capable of adsorbing moisture 
from a first air stream and of releasing moisture to a 
second air stream and which supplies to an indoor 
space an air stream after the air stream being con- 
50 trolled in its humidity by the adsorptive element (81 , 
82), 

wherein the adsorptive element (81 , 82) is provided 
with an auxiliary passageway (86) through which a 
heating fluid flows when the adsorptive element (81 , 
55 82) is regenerated by releasing moisture from the 
humidity control passageway (85), 

2. The humidity control device of claim 1 , wherein, dur- 
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ing regeneration of the adsorptive element (81 , 82), 
all of asecond airstream priorto its passage through 
the humidity control passageway (85) flows, as a 
heating fluid, into the auxiliary passageway (86). 

5 

The humidity control device of claim 1 , wherein, dur- 
ing regeneration of the adsorptive element (81 , 82), 
a part of a second air stream prior to its passage 
through the humidity control passageway (85) flows, 
as a heatingf luid, into the auxiliary passageway (86), to 
joins the rest of the second air stream, and passes 
through the humidity control passageway (85). 

The humidity control device of either claim 2 or claim 
3, wherein said humidity control device includes a is 
regeneration heater (72) which heats a second air 
stream priorto its entrance into the humidity control 
passageway (85) and the auxiliary passageway 
(86). 

20 

The humidity control device of claim 4, wherein said 
humidity control device includes a refrigerant circuit 
(70) through which a refrigerant is circulated to per- 
form a refrigeration cycle, and wherein the regener- 
ation heater (72) is formed by a heating-heat ex- 25 
changer of the refrigerant circuit (70). 

The humidity control device of eitherclaim 2 or claim 
3, wherein said humidity control device includes a 
regeneration heater (72) which heats a second air 30 
stream prior to its entrance into the humidity control 
passageway (85) and the auxiliary passageway 
(86), and an auxiliary heater (78, 79) which heats a 
second air stream after its passage through the aux- 
iliary passageway (86) before the second air stream 35 
flows into the humidity control passageway (85). 

The humidity control device of claim 6, wherein said 
humidity control device includes a refrigerant circuit 
(70) through which a refrigerant is circulated to per- *o 
form a refrigeration cycle, and wherein the regener- 
ation heater (72) and the auxiliary heater (78, 79) 
are formed by heating-heat exchangers of the refrig- 
erant circuit (70). 

45 

The humidity control device of eitherclaim 2 or claim 
3, 

wherein said humidity control device includes a first 
adsorptive element (81) and a second adsorptive el- 
ement (82), and is configured so as to perform a so 
batch running operation which alternately switches 
between (a) a first operation in which moisture in a 
first air stream is adsorbed in the first adsorptive el- 
ement (81) while moisture is released to a second 
air stream in the second adsorptive element (82) and ss 
(b) a second operation in which moisture in a first air 
stream is adsorbed in the second adsorptive element 
(82) while moisture is released to a second air stream 



in the first adsorptive element (81), and 
wherein said humidity control device is configured 
so as to be capable of performing (i) a cooling/ad- 
sorption operating mode in which acoolingf luid flows 
through the auxiliary passageway (86) of the first 
adsorptive element (81) or the second adsorptive 
element (82) whichever adsorbs moisture in a first 
air stream and (ii) a heating/regeneration operating 
mode in which a heating fluid flows through the aux- 
iliary passageway (86) of the first adsoiptive element 
(81) or the second adsorptive element (82) which- 
ever releases moisture to a second airstream. 

9. The humidity control device of claim 8, wherein said 
humidity control device is configured so as to simul- 
taneously perform (i) a cooling/adsorption operating 
mode in which a cooling fluid flows through the aux- 
iliary passageway (86) of the first adsorptive element 
(81) or the second adsorptive element (82) which- 
ever adsorbs moisture in a first air stream and (ii) a 
heating/regeneration operating mode in which a 
heating fluid flows through the auxiliary passageway 
(86) of the first adsorptive element (81 ) orthe second 
adsorptive element (82) whichever releases mois- 
ture to a second air stream. 

10. The humidity control device of claim 8, wherein said 
humidity control device is configured so as to be ca- 
pable of selectively switching between (i) a cooling/ 
adsorption operating mode in which a cooling fluid 
flows through the auxiliary passageway (86) of the 
first adsorptive element (81) orthe second adsorp- 
tive element (82) whichever adsorbs moisture in a 
first air stream and (ii) a heating/regeneration oper- 
ating mode in which a heating fluid flows through the 
auxiliary passageway (86) of the first adsorptive el- 
ement (81) or the second adsorptive element (82) 
whichever releases moisture to a second air stream. 

11- The humidity control device of claim 8, wherein sad 
humidity control device includes a regeneration 
heater (72) which heats a second air stream prior to 
its entrance into the humidity control passageway 
(85) and the auxiliary passageway (86) of one of the 
adsorptive elements (81, 82), and a cooler (79, 78) 
which cools a cooling fluid prior to its entrance into 
the humidity control passageway (85) of the other of 
the adsorptive elements (81, 82). 

12. The humidity control device of claim 1 1 , wherein said 
humidity control device includes a refrigerant circuit 
(70) through which a refrigerant is circulated to per- 
form a refrigeration cycle, and wherein the regener- 
ation heater (72) is formed by a heating-heat ex- 
changer of the refrigerant circuit (70) and the cooler 
(79, 78) is formed by a cooling-heat exchanger of 
the refrigerant circuit (70). 
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13. The humidity control device of claim 8, wherein said 
humidity control device includes: a regeneration 
heater (72) which heats a second air stream prior to 
its entrance into the humidity control passageway 
(85) and the auxiliary passageway (86) of one of the 5 
adsorptive elements (81 , 82); an auxiliary heater (78, 
79) which heats a second air stream after its passage 
through the auxiliary passageway (86) before the 
second air stream flows into the humidity control pas- 
sageway (85); and a cooler (79, 78) which cools a 10 
cooling fluid prior to its entrance into the humidity 
control passageway (85) of the other of the adsorp- 
tive elements (81, 82). 

1 4. The h umidity control device of claim 1 3, wherein said is 
humidity control device includes a refrigerant circuit 
(70) through which a refrigerant is circulated to per- 
form a refrigeration cycle, and wherein the regener- 
ation heater (72) and the auxiliary heater (78, 79) 

are formed by heating-heat exchangers of the ref rig- 20 
erant circuit (70) and the cooler (79, 78) is formed 
by a cooling-heat exchanger of the refrigerant circuit 
(70). 

1 5. The humidity control device of claim 1 2, wherein the 25 
direction of refrigerant circulation in the refrigerant 
circuit (70) is reversible, and wherein the direction 

of refrigerant circulation in the refrigerant circuit (70) 
is changed in response to switching between adsorp- 
tive and regenerative sides in the batch running op- 30 
eration. 

16. The humidity control device of claim 14, wherein the 
direction of refrigerant circulation in the refrigerant 
circuit (70) is reversible, and wherein the direction 35 
of refrigerant circulation in the refrigerant circuit (70) 

is changed in response to switching between adsorp- 
tive and regenerative sides in the batch running op- 
eration. 
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